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PREFACE. 



Accurate information as to Boiler Explosions must always 
be useful to those who are interested in the safe working 
of Steam Boilers. 

The following pages contain very brief abstracts of records 
obtained for the Midland Steam Boiler Inspection and 
Assurance Company, by whose permission they are now 
republished in a compact and convenient form. 

By permission of the Council of the Institution of 
Mechanical Engineers, the records are prefaced by a Paper 
on Steam Boiler Explosions and their records, and on 
Inspection as a means of prevention, read before that 
Institution at Manchester, August 1st, 1866, and a further 
Paper on the "Conclusions derived from the experience of 
recent Steam Boiler Explosions,'* read before the same 
Institution at Nottingham, August 3rd, 1870. 

AU names of "Works or Firms are omitted from the 
records as unnecessary. 



On Steam Boiler Explosions and theib Records, and on 
Inspection as a Means of Prevention, by Edward B. Marten, 
hem. inst. m.e. a.i.c.e., excerpt minutes of proceedings of the 
Meeting of the Institution of Mechanical Engineers, at 
Manchester, 1st August, 1866, Joseph Whitworth, Esq., 
President, in the Chair. By permission of the Council. 



The subject of Steam Boiler Explosions, which was brought before 
this Institution in June, 1848, in a paper by the late Mr. William 
Smith of Dudley in reference to an explosion near that place, and 
again in 1859 in a paper by Mr. Longridge on the economy and 
durability of stationary boilers, is one of great importance and is 
now attracting increased attention. The first public notice of the 
subject was by a parliamentary committee in 1817, which was 
appointed in consequence of a very fatal boiler explosion in London 
in 1815 ; evidence was then collected as to steamboats, and many 
boiler explosions were referred to. That committee recommended 
among other things that boilers should be made of wrought iron, 
instead of cast iron or copper, which had been the materials mainly 
used previously ; that they should be inspected and tested ; and 
that there should be two safety valves, each loaded to one third of 
the test pressure, under penalties for any excess. A great part of 
the information now existing upon the subject, especially in regard to 
the earlier explosions, is to be found in the records of inquests after 
fatal cases ; and some of the careful reports of eminent engineers 
on those occasions have materially assisted in the formation of 
correct views as to the causes of explosion. Latterly also the 
printed reports of the inspectors of mines, and more especially the 
reports of the explosions of locomotives, illustrated by diagrams by 
the inspectors of railways, have furnished very valuable information. 
Since the subject has been ta^en up by private associations for the 

B 
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prevention of explosions, many more records liave *been published, 
although their usefulness is much impaired by their not containing 
the names of the places whereby the explosions could be identified. 

When the writer's attention was first directed to this subject, 
he met with great difficulty in obtaining correct Records of boiler 
explosions, from which to arrive at the results of past experience ; 
and wishing to base his own opinion on facts, rather than on the 
inferences of others however reliable, he followed the example of 
the Franklin Institute in their elaborate investigation of the subject, 
and collected all the records he could find ; and by way of 
facilitating reference, arranged an index, a manuscript copy of 
which is presented with the present paper to the Library of this 
Institution. All must be agreed as to the importance of reliable 
information on such accidents as boiler explosions ; and the 
writer would suggest that this Institution may materially aid in 
obtaining the desired records and placing them within easy 
access, by becoming the depository of reports on explosions, and by 
inducing those who have the opportunity to forward copies of 
reports, that these may be arranged so as to be easily found and 
consulted. It is very desirable that these reports should as 
far as possible be illustrated by sketches, as aids to the description ; 
and also by slight models like those now shown to the meeting, 
by which the whole matter may be seen at a glance. So few 
persons comparatively have the opportunity of examining boilers 
after explosion, that the most erroneous ideas have prevailed, 
and theories have been advanced which would soon be dissipated 
by practical experience or by reading accurate reports. It would 
also very much aid in the understanding of published matter on the 
subject, if full descriptions of each case alluded to in illustration 
could be obtained. These records are as useful to the engineer as 
the " precedents "or ** cases " to the lawyer or the surgeon. After 
any serious explosion, the newspapers of the neighbourhood in 
which it has occurred contain voluminous articles describing the 
disastrous result and the damage done, which, although useful as 
far as they go, do not in the least assist in arriving at the cause of 
explosion. The really important particulars, such as the description 
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and conBtraction of the boiler, its dimensioiiB, and the preBsnre at 
which it worked, are in most cases omitted altogether. 

The record of explosions presented to the Institution contains 
a list of the boiler explosions in each year of the present century, 
as far as known to the writer, with the names of the places, and 
the description and sizes of the boilers, and the supposed cause 
of explosion, together with references to the books or papers from 
which further information may be obtained. Of course many 
of the explosions have to be put down as uncertain in some of the 
particulars ; but every year improves the record, as fresh information 
is obtained, and with the assistance of the members of this 
Institution it might be made far more perfect and extensive. 

The total number of explosions here recorded is 1046, and they 
caused the death of 4076 persons and the injury of 2903. The 
causes assigned for the several explosions are very numerous, and 
are no doubt incorrect in many cases ; but they may be generally 
stated as follows : 
397 are too uncertain to place under any heading ; but of the rest 
145 were from the boilers being worn out, or from corrosion, or 

from deteriorated plates or rivets. 
137 from over pressure, from safety valves being wedged or 
overweighted, in some cases intentionally, or from other 
acts of carelessness. 
125 from faulty construction of boiler or fittings, want of stays, or 

neglect of timely repnir. 
119 from collapse of internal tubes, generally from insufficient 

strength. 
114 from shortness of water, or from scurf preventing the proper 
contact of the water with the plates ; or from improper 
setting so as to expose the sides of the boiler to the flame 
above the water line. 
9 from extraneous causes, such as effect of lightning striking 
down the stacks upon the boilers, or from fire in the building 
or explosion of gas in the flues. 
1046 total number of explosions. 
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The e^Ioded boilera Trere of the foUowing desoriptioiiB : — 
232 are not Bufficieutlv described to place under any head ; but of 

the rest 
320 vera If arine boilers of Tarioos forms. 
141 were Cornish, Lancashire, or other boilers internally fired. 
120 were Locomotive, or other multitubular boilers. 
116 were plain Cylindrical boilers, eitemally fired. 
64 were Balloon or haystack, wagon, Butterley, Britlsh-tabe, 

elephant, or Trevithiok boilers. 
29 were Portable, agricultural, upright, or crane boilera. 
14 were Heating apparatus or kitchen boilere. 
10 were Upright boUers attached to puddling or mill furnaces at 
ironworks. 
1046 total number of explosions. 

The theories as to the causes of explosion have been numerous. 
In the early days of the steam engine, when the steam was used 
only as a condensing medium and the pressure in the boiler was 
frequently allowed to get below atmospheric pressure, many boilers 
were destroyed by the excess of the external atmospheric pressure 
becoming too great, causing them to be collapsed or crumpled up ; 
and this led to the use of the atmospheric valve still found on old 
boilers. Even so lately as last year, 1865, a boiler in the neighbour- 
hood of Bury, Lancashire, has suffered in this way by collapse from 
external pressure ; its appearance ailer the accident is shown in Fig. 1 . 




which is copied from a photograph. The early explosions were bo 
palpably due to the weakness of the boilers, which compared with 
those of the present day were most ill constructed, that no one 
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thought of any other cause than the insufficient strength of the 
▼essel to bear the ezpansiYe force of the steam contained in it. 
When the advantages of high-pressure steam became recognized, 
and the boilers were improved so as to bear the increased strain, 
the tremendous havoc caused by an explosion led many to think 
that something more must be required than the expansive force of 
the steam to produce such an effect; and they appear to have 
attributed to steam under certain conditions a detonating force, or a 
sudden access of expansive power that overcame all resistance. To 
support this somewhat natural supposition, it was asserted that the 
steam became partially decomposed into its constituent gases, 
forming an explosive mixture within the boiler. That this belief 
is stiU sometimes entertained is seen from the verdict of a jury even 
in the present year, 1866, in the case of the explosion of a plain 
cylindrical boiler at Leicester, shown in Fig. 2., the real 




Fig, 2. 
cause of which appears to have been that the shell of the 
boiler was weakened by the manhole. It seems hardly necessary 
to point out the fallacy of imagining decomposition and recomposition 
of the steam to take place in succession in the same vessel without 
the introduction of any new element for causing a change of 
chemical combination ; but it is necessary to refer to this supposition, 
as the idea is shown to be not yet extinct. 

Again it has been asserted that the steam when remaining quite 
still in the boiler becomes heated much beyond the temperature due 
to the pressure ; and that therefore when it is stirred or mixed or 
brought more in contact with the water by the opening of a valve 
or other cause, the water evaporates so rapidly as to produce an 
excessive pressure by accumulation of steam. In support of this view 
the firequency of explosions upon the starting of the engine after a 
short stand is adduced ; but it is very doubtful whether by this means 
a sufficient extra pressure could be produced to cause an explosion. 



10 BOILEB EXPLOSIONS. 

unless the boiler had been previously working up to within a very 
small margin of its strength. Explosions are seldom caused by a 
sudden increase of pressure, but rather by the pressure gradually 
mounting to the bursting point, when of course the effect is sudden 
enough. Nor is it necessary in many cases to look for much increase 
of pressure as the cause oTP explosion ; for it is far more often the 
case that the strength of the boiler has gradually degenerated by 
wear or corrosion, until unable to bear even the ordinary working 
pressure. It is so very easy, when examining the scene of an 
explosion, for the first cause of rupture to be confounded with the 
causes of the subsequent mischief, that in many cases erroneous 
conclusions have been arrived at in this way. 

The most important points to find out in connection with any 
explosion are the condition of the boiler and all belonging to it 
immediately before the explosion, together with the locality of the 
first rent, the direction of the line of rupture, and the nature of the 
fracture ; as everything occurring after the instant of the first rent is 
an effect and not a cause of explosion. As soon as the first rent has 
taken place, the balance of strain in the fabric is disturbed, and 
therefore the internal pressure has greatly increased power in 
continuing the rupture ; and also the pressure being then removed 
•from the surface of the water, which is already heated to the 
temperature of the steam, the whole body of the water gives out its 
heat in the form of steam at a considerable pressure, and thus 
supplies the volume of steam for carrying on the work of 
destruction. "When thus quickly generated, the steam perhaps 
carries part of the water with it in the same way that it does in 
ordinary priming; and it has been thought by some that the 
impact of the water is thus added to that of the steam, to aid in 
the shock given to all surrounding obstacles. 

It is seldom that one out of a bed of boilers explodes without 
more or less injury to the others on either side of it ; but sometimes 
two boilers in one bed, or three, or even five, have exploded 
simultaneously. 

The causes of boiler explosions may be considered under the two 
general heads of — 
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Firstly, firnlts in the ftbrio of the boiler itself aa originally 
constracted, anch as bad shape, want of Btays, bad material, 

defectire workmauship, or injadicions Betting: — and 

Secondly, mischief arising during working, either from wear and 
tear, or fivm overheating through ehortneBs of wat«r or accumulation 
of BOurf ; or from corrosion, in itB several forma of general thinning, 
pitting, furrowing, or channelling of the platea ; or from flaws or 
fractures in the material, or injury by the effect of repeated strain ; 
or from undue pressure through want of adequate arrangements 
for eecape of Burplus steam. 

There is uo doubt that many of the early explosions were from 
faults of construction. The stronger materials now used were then 
found so difficult to manipulate that ottiers easier to work were 
chosen, and often the shape of the boiler was only selected as the one 
easiest to make. The early boilers were made of copper or cast 
iron, with leaden or even wooden tops, and of the weakest possible 
shape. Such was the boiler used by Savery, eJiown in Fig. 3. 



and the Ton Boiler and Flange boiler, Figs. 4 and 5. The 




very fhtal explosion in London in 1815, referred to by the 
parliamentary eommiasion previously named, was of a cast-iron 
boiler, which failed because one side was too thin to bear the 
pressure, as the casting was of irregnlar tJiioknesB. The steam being 
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at tliBt time used only at or beloT atmoapfaeric preesim ea a moan/^ 
of obtainuig a Tacanm by oondensation for 'working by the external 
presB^e of the atmoapIieTe, bo little waa preaaure of the eteam 
thongbt of, that boilers were proposed and it is believed were 
Botaally constructed with hooped wooden ahellB, like barrels, and 
internal fireplaces and fines of copper ; and even a stone chamber 
was named as being a Baitable Bhell for a boiler, with internal 
fireplace and copper fine passing three times the length of the inside 
and ont at the top, like an ordinary stove and piping. These boilers 
mast have been something like the sketches givea in Figs. 6 and 7, 




and were intended to be exposed only to the external presmre of the 
atmosphere. 
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iDt«nial fi 



1 was frequen^ Dsed for tie shell of bdlers, with an 
place and tubes of wrought iron, as shown ift Fig. H, 





Rg 8 J^. B. 

and boilers of this construction are still to be found in xtsa at some 
of the older works at the present day. As the ontdde shell and 
fronk plate are I^ inch thick and are not exposed to any wear at all, 
these .boilers are sufficiently strong. A duplicate front plate with 
set of tubes attached is always kept on band in case of need. 
Another form of caet-iroo boiler is shown in Fig. 9., made 
in several parts put together with flange joints, with an internal 
fireplace and flue also made of cast iron. Wheia cast iron 
waa used for the parts exposed to the fire in boilers intended for high 
pressure, it was sometimes employed in the form of tubes of small 
diameter and proporUonately thinner ; as in Woolf's boiler, so muck 
spoken of in the evidence before the parliamentary committee 
of 1817. This boiler, shown in Fig. 10., consisted of nine cask- 




Itff. 10. 
1 pipes, aboat 1 foot diameter and 9 feet long, set in brickwork 
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60 that the flame played all round theoL These small tnbes were 
oonDected with another of larger size placed trangrersely above 
them, forming a steam receiver, and this again with a still larger 
one, which formed a steam chamber. No details of any esplosions 
of the three last mentioned boilers have been obtained ; but it is 
known that the cast iron was fonnd a most treacherous material, 
especially when exposed to the action cf the fire ; and that the effect 
of explosion was very dmastrous, because the boiler burst at once 
into many pieces, each of which was driven out with great velocity, 
and the danger was not mitigated by the circumstance of largo 
masses holding together, as is fonnd to be the case with wrougbt-iron 
boilers when exploded. 

When wronght-iron boilers came into use the shapes were most 
varied, and the dimensions much larger than before One of the 
earliest was the Wagon boiler, shown in Fig. 11, with round top 




Ifg. II. Fig. 12. 

and plain flat sides, which could only be made to bear even the 
smallest pressure by being strengthened with numerous stays. In 
most cases of explosion of this class of boiler the bottom was 
torn off, owing to the angle iron round it being weakened by the 
alternate bending backwards and forwards under each variation of 
pressure, as all the »des and the bottom must be constantly 
springing when at work. Such was the explosion at Chestor in 
1822, and many others. This shape was soon improved in its steam 
generating powers by makiog the sides concave instead of flat, as 
■bown in Fig. 12, so that the heating surface was greater and also 



BOILEB EXPLOSIOHB. 



in a belter pontioD to receive the beat from tbe Same in the fines. 
This shape was farther elaborated b; roDDding the ends as in Fig 1 3, 




and in some cases making the bottom ox)nvex to correspond with 
top, as ID Fig. 14. All these forms however still reqaired 




stays to retain them in shape, the safety of the boiler being 
dependent npon the stays ; and nunierons exploMons show .the 
weakneBS ot these boilers. They geperally gave way at the bottom, 
as in an explosion that occorred at Manchester in 1842, where the 
boiler had been weakened by frequent patching ; they also sometiiiieB 
exploded through the failure of the stays. 

A very early improvement in the right direction consisted in 
making the shell circular ; and some tew large boilers still exist that 
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were made completely spbencal, as show in Fig. 15, eo tbat tbe wbole 




lif. 16. 
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of the iron was exposed to tensioD only, and required no assistance 
froiQ stays, and the boiler had no tendency to alter its shape nnder 
varying pressnre. This shape however had tbe great disadvantage 
of possesung tbe least amount of beating surface for its size or cubic 
contents ; and also it was very liable to injury from sediment on the 
bottom, which accnmnlated on the most central spot. The spherical 
form was therefore soon modified into the shape shown in Fig. IG, by 
making the bottom more Hhallow,altboagh still convex ; and afterwards 
t^ putting flat or concave sides and a flat or concave bottom, with the 




Itff. 17. 
angle constnicted either of bent plates or angle iron, as in Figs. 17 
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ftnd 18, wbicb represent the forms known so well in Uw 




Staffordshire district as the commun Balloon or Haystack boOer. 
Uany of tLese have been made of very great size, measuring 
as much as 20 feet diameter, and containing so much water and steam 
as to ba most formidable magazines for explosion. Perhaps no form 
of boiler has exploded more than this, partly because of the great 
number that have been nsed, but chieSy because of the inherent 
weakness of the shape. The records however have not been obtained 
of the great majority of these explosions, because they seldom 
cansed suEGcient damage or loss of life to attract much attention, 
as these boilers generally worked in isolated positions at collieries. 
The bottom is only prevented from blowing down into the fireplace 
by nnmeroDS stays from the top, and the angle iron round the 
bottom of the sides is much tried by the constant springing of 
the p)at«s under every alternation of pressure ; and the weakness 
thus occasioned is increased by the angle resting on the brickwork 
and being exposed to corrosion. The effect of this continued 
alternation of strain is well shown by the elastic model exhibited. 

Notwithstanding the dependence of these boilers upon stays for 
their strength, many have been made as lai^ as 12 and 15 ieet 
diameter without stays ; and explosion sooner or later has been the 
consequence. Such was an explosion that took place at Smethwick 
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which is shown in Fig, 19, As the force of the 




v.. 



explosion was only elight, the effect of the bottom giving; way, and 
the consequent rolling over cansed by the reaction of the issuing 
steam and wattir, is clearly seen. Another example that occurred 
at Wednesbury in 1862 is shown in Fig. '20, where the explosion was 




Fig. 20. 

rather more violent, the bottom of the boiler beiog torn off all round 
and left upon the firegrate, aad rent nearly into two pieces ; while 
the top and sides were tUrowD some height in one mass, and were 
only pat out of shape by the fell. The weakness of this boiler had 
been further increased by making the bottom angle of angle iron, as 
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showD enlarged in Fig. 21, with a ring of flat plate A interpoaed 




between the aDgle-iron ring and the concave bottom of the boiler ; 

BO that all the effect of the springing of the bottom, as ehown by the 
dotted lines, was thrown upon the angle iron, which was accordingly 
found cut off all rouDd. Had the concave bottom been made to rise 
direct from the angle iron, as in Fig. 32, the sprin^ng could not 
have been so great, and the angle iron would only have had to stand 
the aheaiing strain of retaining in its place the rigid bottom ; but as 
about one foot all round the bottom was flat, and the concavity was 
only in the central part, the angle-iron ring had to bear an up and 
down strain, as shown by the dotted lines in Fig. 21, and the 
bending action was more severe than it wonld have heen if the 
bottom had even been made quite flat all over. 




Fig 23 
A- further form of the Balloon boiler is shown i 



Fig. 23, 
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where the heating surface of the bottom is increased br an internal 
central dome-shaped fireplace, with an arched and carved flue 
conducting the flame through one revolution within the boiler before 
pasfong again ronnd the outside. This construction however mast 
necessarily have diminiBhed the strength of the boiler greatly. lu 
the drawing the top of the boiler, as indicated by the dotted lines, 
is removed to ehow the interior. 

The desire to add to the strength of boilers by lessening the 
diameter of the shell led to the construction of the Plain Cylindrical 
boilers. They were made first with flat ends of cast iron, which 
frequently cracked and. gave way when exposed to the fire, as 
described in many of the early American ex[ilosion3. The flat ends 
when made of wrought iron, as shown in Fig. 24, are exposed to the 
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same stnun as the bottom of the balloon and wagon boilers, and ate 
constantly springing with variation of pressure like drum heads, 
causing injury to the angle-iron joint. They also require long stays 
through them to hold in the ends, and th^e are subject to so much 
vibration that they seldom continue sound for long together, 
especially when joined with forked ends and cotters. 

As the flat ends of such boilers are always being sprung by 
each alternation of pressure into a more or less spherical shape, 
as shown by the elastic model exhibited, this consideration no 
doubt led to the ends being made hemispherical, as shown in 
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Fig. 25 ; and plain oylindrioal boilers witb ibese bemispberical ends 




Fig. 25. 

are now so commonly used tbat tbey far outnumber any other form 
of boiler. Tbeir sbape renders them very strong, as the wbole of 
the iron is in simple tension, and internal pressure has no tendency 
to alt«r tbe shape, as is shown by the elastio model exhibited. 
There is one oircnmatanea very much in favour of the plain 
cylindrical boilers, and that is that they can be so easily cleaned 
and repaired, as a man can stand properly at his work at every part 
and the whole of the interior suiface is exposed equally to Yiew> 
They are of course exposed to all tbe evils of boilers externally 
fired, the part under greatest strain being weakened hy the action 
of the fire ; and the bottom is also exposed to injury from accumula- 
tion of mad and chips of scurf, which cannot be prevented &om 
falling there, and lying upon the part exposed to the direct action 
of the fire. When mode of great length, such as 70 or 80 feet, as 
is the practice for applying the waste gas from blast fumaoea, these 
boilers are also liable to seam-rips or " broken backs," owing to the 
greater expansion of the bottom exposed to the fierce flame for its 
whole length, than of the top which is kept oooler by exposure to 
the air ; and it would therefore be better to have a succession of 
short boilers, rather than only a single one, where great length is 
required. 

One boiler has been seen by the writer where extreme length 
was avoided by curling tbe boiler round until tbe ends met 
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forming a Ring or Annular boiler. TMb boiler is shown in Fig. 26, 




and IB S feet diameter with 25 feet external diameter of tbe ring, 
or a mean length of ahoat 63 feet , it has been found to work well 
for aome years, although exposed to the heat of six puddling 
furnaces. 

Explosions of plain cylindrical boilers have been very frequent 
indeed, althongh they have not caused a proportionate number of 
deatlia, because tliey work usually m isolated positions at colliery and 
mine engines. The sketch shown in Fig. 27, represents an 




Fif. 27. 
explosion that occurred at Darlaaton in 1863, and illastrates tbe 
way in which tliese boilers usually explode. They generally open 
first at a longitndinal seam over tbe fire, which has become dete- 
riorated by aconmulationa of scurf preventing proper contact of the 
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water, ao tbat the plates beoom« oyerheated, their quality injnred, 
their edges ontoked or bnnit, and the TiTets drawn or loosened. The 
rent generally oontiniiee in the longitudinal direction to the sonnd 
seam beyond the bridge at the one end, and at the other end 
to the seam joining the front end to the shell ; and then runs np each 
of the transrerse seam% allowing the rent part of the shell to open 
oat flat on ioQi sides, and liberating both ends of the boiler, which 
fly off in opposite direotions. Of course it is seldom that an explosion 
is qnite so simple as this, as the direction of the flight of the Tarions 
pieces is so much influenced by the last part that held in contact 
with tiie main body of the boUer. The want of due obserration of 
this point has often led te erroneous conclusions. 

In the explosion shown in Fig. 28, and in Uie model exhibited, 
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which occurred at 'Westbromwich in 1864, the lower part of the 
side of an upright boiler was blown out ; and the liberated part 
was also divided into two pieces, each of which ftell some distance 
behind the boiler, in an opposite direction te the side from which 
they came. The explanation of this became obvious on examination, 
as the cause of the rupture had been the coiroraon of the bottom, 
and the rent had run up the seams until it met the angle iron of t^ 
side tubes, round which it ran te the flrst seam above. This seam 
acted as a hinge on which the ruptured pieces turned, and t^ey 
swung round so violently that they were wrenched off, but not 
before they had pulled the boiler over and received the diverting 
force which gave them their direction, for they flew off at a tangent, 
to the circle in which they had swung round on the sound upper 
•earn as upon a hinge. 



ii 
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In order to avoid having a large diameter for plain oylindrical 
boiloTS, oapeoially where exposed to the fire, boilers have been used 
that have supplied the required eteam pover by a combination of 
several cylinders of small diameter. One of theee known as the 
Elephant boilra, has been so mnch nsed in France that it is 
Bometimea called the Prench boiler; it is shown in Fig. 29, 




snd oonsists of two cylinders of small diameter connected by upright, 
conical tubes to a large oyhnder above Another form called the 
Betort £oiIer, shown tn Fig 30, has been described at a previous 
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meeting of this Institution (see Proceedings Inst. U. £. 1855 
page 191). The disadvantages of these two combinations of plain 
cylinders are that they are not easy to clean or examine internally, 
and also there is not free exit for the steam, which has to find its 
way along small channels, and oarrios the water away with it, 
causing priming, and also retarding the gen^^tiaa of steam and 
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endangering the boiler plates. With a rieTr to strengthen the plain 
cylinder made <^ wroaght>iron plates, the searos are sometimeB 
made to ran diagonally, as shown in Fig. 31, oa the principle that, 




as the longitudinal is the weakest seun and the transverse the 
strongest, a diagonal between them gives the greatest amount of 
strength to the boiler as a whole. 

Plain cylindrical and wagon boilers have for many years been 
made with internal tubes of various shapes and arrangement, through 
which the flame passes to add to the heating sorface. TheBO are 
shown in dotted lines on the previons drawings of wagon boilers, 
Figs. 11 and 12. They aie also shown in Fig. 82, where a tube 




passes Srtmi over the fire to the front of a plain cyliudtkal 
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boiler ; in Fig, 33 two tabes pasB &om the ddes to the front : ia 
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Kg. 34 the tube passes from the back, but retnins over the fire and 
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i again to the back : and in Eig. 35 a tabe from the back 




Fig. 35. 
poseeB out through a croes tube in each side. The boilers in all 
these oases are fired externally. This addition of tubes has tended 
Tery much to increase the size of these boilers in order io make 
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room for tbe tubes. Theee boilers are now foand of 9, 10, and even 
11 feet diameter; and this large shell being £red extermilly is 
exposed to the same dangers as those described in the plain 
cylindrical boiler, irhile it is not so easy to keep clean on accomit 
of the obatructioii offered by the internal flues. When the flame 
liaa passed under the whole length of the bottom of tliese large 
boilers before going through any tube, it is doubtfol whether the 
heatmg surface of the tube helps much in the generation of steam ; 
but the tube is of use in reducing the quantity of water in the 
boiler, as it occupies a considerable space. 

Explosions of these boilers hare sometimes taken place by 
collapse of the tubes, but much more generally by the failnre 
of the shell over the Are, as shown m the sketch Fig. 36, 
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g an explosion that occurred at Wolverhampton in 1865, 
in which the first rent took place in a seam over the fire where 
&eqnent repair had led to a considerable length of longitudinal 
eeam being in one continuous line. The four plates over the fire 
part«d and opened out until they had ripped two seams completely 



round the boiler ; and the phites were thrown in one flat piece, as 
slutwn, upon a bank behind. The main body of the boiler with the 
tabes was tnmed over, and the froat end blown away. 

A modification or amalgamation of several of the forms of 
boilers already mentioned led to the conatraction known as the 
Battfirley boiler, shown in Fig. 37, with a wagon-shaped end over 
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the fire, continned in a single tube within a plain cylindrical shell 
beyond. This boiler has been found to generate steam very rapidly ; 
but the ezti^ne weakneBs of the oonstmction over the fire and along 
the tube, especially at the part where the front end of the tube widens 
out in a bell mouth ta meet the wagon-topped fireplace, baa led to 
80 many explosions that few boilera are now made of this form, 
A very early explosion that occurred at Edinburgh in 1821 was of a 
boiler somewhat of this shape, only that the wagon-topped fireplace 
was much longer. Other explosions of this form of boiler occurred 
at Ashton-under-Lyne in 1649, at Wolverhampton in 1854, and at 
Tipton in 1656. 

The desire to economise foel led to placing the fire inside the 
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bcoler, in a tube running &om end to end, as shown in Fig. '<. 
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and file great number of boQerB of tliia fbnn used in CcmiiraU gtire 
it the name of the Cornish boiler. The exceedingly good dnty 
perfonned by these boilers led many to believe them the most 
perfect' for economy and dnrability; but the great number of 
exploutms, or more properly of collapsed flnes, that hare happened, 
have altered this opinion, and led to the double -flne boiler ahown in 
Fig. 39, in which not only is the heating surface increased bat the 
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dtrengtli also, by having two tubes of smaller diameter in the same 
ebell. There are a great many varieties of the two-tabe boiler, 
whioh have been made for the purpose of obtaining varions partionlar 
r^nlts. In some eases the two tubes have been made to unite into 
a single tube immediately behind the fires, foiming what Is known 
as the BreechoB-tabe boUer, as shown in Fig. 40, and in other 



instances the outside shell of the boiler has been made oval, a 
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shown in Fig. 41, with the two tubes coatiiLued throagh from end 




to end. The heating surface has also been increased, and the 
Btrength of the main tabes, by plaoing smaller transverse tubes 
aoross them at right angles ; but these advantages are gained by 
increased oomplioation, leading of course to greater difficulty in 
examination and repair. 

The frequent failure of tubes by collapse when used for high 
pressures, and also the results of careful experiments, led to 
the simple addition of strengthening rings of different makes 
around the exterior of these tubes, by which the shell and the 
tubes are rendered of equal strength. It has talien considerable 
time for the belief in the weakness of large tubes when exposed to 
external pressure to become general, and a great many boilers 
are still made and used having even large tubes without the 
strengthening rings ; and in some districts such boilers are used in 
great numbers and at far higher pressures than can be considered 
judicious. In more than one bed of boilers, one boiler after 
another has exploded by the collapse of the tube from the want 
of strengthening rings, and yet these have still been believed 
unnecessary ; and the cases of isolated boilers of this construction 
where &e large tubes have collapsed are extremely numerous, yet 
any other reason than the weakness of the tube has been considered 
more probable as the cause of explosion. A sketch of a boiler 
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Yntii ooQapBed floe is ^ven in Fig. 43, whioli exploded at 
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Bartou-OD-Trent in 1865 ; and it is selected firom many others 
because it was a new boiler, well made and mounted, and wae a good 
example of the weakness of a large tube to resist high external 
preBsnre when made of great length without the snpport of 
strengthening rings. 

There are a great many adTantages in the tubular boiler internally 
fired. The shell which is exposed to the greatest tension is not also 
exposed to the first action of the fire. The fire is in the midst of 
the water, m> that the greatest effect is obtained &om it ; and the 
heating surface immediately over the fire, &om which most steam 
ifi generated, has not so great a. depth of water above it for the 
steam to pass through as in the externally fired boilers heated &om 
the bottom. The tubes also act ae stays to the ends ; and the mud 
in the water Mb off the tubes, where it would do misdiief, and 
settles on the bottom, where it is comparatively harmless. 

These tabular boilers are however subject to disadvantages 
peculiarly their own. It is not so easy to move about within them 
for cleaning and examination aa in the plain cylindrical boiler, as 
the tubes fill up the space so much. The difierence of expansion 
between the highly heated tube and the comparatively cool shell 
produces a strain, which causes the ends to bulge out ; or if the ends 
are made rigid, the strain sets up a contortion in the tube, which 
causes farrowing of the plates by making the iron softer or more 
BDBceptible of corrosion in certain lines of strain. Notwithstanding 
these drawbacks however this form of boiler is an excellent one. 

Uany modiflcatioiis in the forms of boilers have been made to 
enable the manufacturers to use the waste heat from various 
processes, especially &om the making of iron. The plain cylindrical 
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boiler has been need in this way, with Bometimes as many as eight 
paddling iiimaces made to work upon one boiler. One of the 
earliest special amngementa for this purpose waa the Upright 
boiler with central tube, shown in Fig. 43, which was originally 





Hj. 44. 

made for two fiimacee ; and abont 7 feet diameter and 16 het hig^ 
The size has since been increased to 10 feet diameter and 28 ftot 
high, as shown in Fig. 44. These boilers are made for one, two, 
three, or four puddling Aunaces ; and consist of a cylinder with 
spherical ends, standing upright, with a central tnhe from the 
bottom to abont half the height, into which the side tubes join. 
The heat &om each fomaoe playa orer a portion of the shell, and 
then passes through the side tubes and down the centre tube into 
the nnderground flne to the chimney. 

These boilers bare many good points : there is great heating 
mr&ce ; and the shell being heated all round does not strain the 
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platee and eeams by unequal expansion so mnoh as in the horizontal 
plain cylindrical boiler heated only at the bottom ; and as both ends 
are spherical ^ere is no alteration of shape under internal pressure. 
UoreoTer in consequence of the upright position of the boiler 
a safe depth of water can easily be maintained, and yet the eteam is 
taken off so high above its surface that there is little priming ; and 
every part can most easily be cleaned and examined, as a man can 
stand upright both in the hoUer and in the flues. But the great 
drawback to this class of boilers is that they must stand in the midst 
of tlie workmen ; so that, although they are not more liable to 
explode than any other form of boiler, yet when they do burst they 
necessaiily endanger more lives than is usually the case with other 
boilers that can be placed more away from the men employed at the 
works. Should anything arise with the boiler to make it desirable 
to withdraw Qie fire, this cannot he done without much delay, as the 
fhmiices have to be stopped and the iron run out. Abo an explosion 
can hardly happen without some of the melted iron being scattered 
among the men at work. 

Some of the most fatal explosions of these boilers have arisen &om 
careless constmction. Such was the case in an explouou at Dudley 
in 1862, shown in Fig. 45, where the crown plate Ibrming 
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the top of the centre tnbe was attached to the aides of the tube bj 
so slight an angle iroa, OB shown enlarged in Fig. 46, that the 
presBiire of steam on the flat crown plate fairly abearol the angle 
iron through, and allowed the plate to be blown down the centre 
tabe into the chimney fine, whereupon the boiler was violently 
thrown off its seating by the reaction of the issning steam and water 
thus liberated. 

The donble-tnbe horizontal boiler is also nsed in connection with 
iron-making inmaces in many places, one inmace working into each 
tube. Although by this arrangement the boiler can be placed a. 
little further from the workmeo, some very fatal e:iploaionB have 
happened to such boilers, as at Masborough in 1862. 

Single-fiimace Ixnlers have been much used in 
the form of a single-tube boiler standing on end, 
as shown in Fig. 47, with the flame passing up the 
tnbe, which is continued in the form of a chimney 
on the top of the boiler. The tube passes through 
the steam at the top, so that the plate is not 
protected from overheating by contact with water ; 
and this has caused explosion iu some instences, 
although the tube has been lined on the inside 
with firebrick to shield the plate from the flame. 
Another great disadvantage of this Chimney boOer 
is that the space between the tube and the shell 
is so narrow that it is almost impossible to examine 
OT clean it internally. 

A further arrangement for a ^ngle-fdmace boiler 
is the Elbow boiler, shown in Fig. 48, where the 
two difficultiGB mentioned in the previous boiler 
are avoided. 
JV- «■ 
Many internally flred upright boilers of various shapes have been 



coDBtrncted to suit various purposes. One of a large size tbat has 




been at work manj years is ahown in Fig 49, with an internal 
fireplace and a Enepended cone and cross tube for iDcreasmg the 
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heating surface. This boiler is set in brickwork in sucb a way that 
the heat passes throagh the side tubes and round the ext«nor shell 
before going off to the chimney. 

A very fatal explomon at 8toke-npon-Trent, in 1 863, resulted from 
an attempt to work a boiler of somewhat the same general iorut, but 
without the same caiefnl attention to the details of construction. 
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This b(a)er is Bhowa in Fig. 50 ; tiie iutemal fireplace ie of conical 
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eliape, 4 ft. 6 iuB. diameter od the top and 6 ft. 10 ins. at bottom, 
and was joined to the external ehell b; a flat annular bottom. 
Almost the first time it was worked at high preaanre the conical 
fireplace collapsed, breaking off at the seam at the top of the cone, 
and blowing down npon the grate, as shown in Fig. 51. The flat 
bottom was then left withoat the support of the cone and side tabes, 
and gave wa; all roaud the oatside angle iron ; and the top flew up 
a great height into the air, and fell a crumpled heap, as shown in 
the sketch. In this case the only wonder is that a boiler, of such 
weak construction worked at all without explosion. 

There yet remains to be noticed a very large and varied class of 
boilers that have been designed with the express object of avoiding 
explosion. Some of these, made of cast-iron pipes of small diameter, 
hare already been referred to. When steam carriages were first 
constructed, boilers were tried made of a cluster of small pipes, set 
both upright and horizontally, connected with a general receiver 
and with each other by still smaller pipes. These were found to 
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have sncli small circnlatioii of water that they very soon baint out, 
and also led to much priming. Afterwards, narrow chambers made 
of corrugated plates set like the cells of a battery were tried, but 
without much success. The multitubular boilers of the locomotiye 
type soon superseded all others as quick steam generators, and 
untH lately they have been considered as almost absolutely safe from 
explosion. It is found however that the barrel of these boilers is 
peculiarly liable to furrowing, owing to the strain weakening the 
iron in certain lines. Perhaps no boiler shows more clearly than 
the locomotive how necessary it is that every part should be open 
to. examination; and also how unwise it would be to use for 
stationary purposes small cramped up boilers, only intended to 
meet the necessities of locomotion. Many explosions of locomotive 
boilers have taken place ; but it is not necessary to give details in 
this paper, as they are fully given in the published official reports 
of the government inspectors. 

Among the form of boilers designed to obtain very rapid 
generation of steam, combined with increased safety from explosion, 
may be specially named that consisting of a system of small pipes 
within a shell with an artificial circulation of water, and also the 
boiler consisting of a cluster of cast-iron spheres, both of which 
have been described at previous meetings of the Institution (see 
Proceedings Inst. M. E. 1861 page 30, and 1864 page 61) ; but 
neither has been much used in this country at present. The boilers 
also which consist chiefly of small tubes hanging down into the flre, 
with smaUer tubes or other arrangements within them for securing 
a natural circulation, deserve mention, as they appear successfully 
to. accomplish that end. 

The principle of all these small boilers appears to be that only 
a small quantity of water should be contained in them, so that there 
should not be a reservoir of danger in the shape of a mass of highly 
heated water ready to be converted into steam if a rupture takes 
place : and it cannot be denied that this is an advantage. But on the 
other hand these boilers of small capacity, which evaporate their 
whole contents in a few minutes, are subject to new dangers from 
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that very canse; and although admirably adapted for pnrposeB 
where steam is wanted quickly on a sudden emergency, as in the 
case of fire engines, or where the generating power required varies 
each moment, as in the locomotive, they are for the most part ill 
adapted for ordinary stationary purposes, such as the mill or the 
colliery. They require constant firing and vigilant attention to the 
feed, and cannot be left for a time with safety like the ordinary 
stationary boilers. It has to be borne in mind also that the very 
reservoir of danger so much dreaded is also a reservoir of power, 
which assists in the steady maintenance of the machinery in motion. 
The large mass of water heated to the evaporating point, the heated 
brickwork of the flues, and the large fireplace, are so many assistances 
to regularity, and enable the man in charge to attend to his other 
duties without the risk of spoiling tho boiler or letting down the 
steam by a few minutes' absence from the stoke hole. Steam 
employers are found at present to prefer the known dangers of the 
large boilers to the supposed safety of small boilers, which they 
fear are troublesome in practice. 

Many of the early boilers were rendered weak by the injudicious 
manner of arranging the seams. The longitudinal seams were made 
in a continuous line from end to end, as shown in Fig. 24, page 20, 
with the transverse seams also continued completely round the boiler, 
so that at the comer of each plate there were four thicknesses of iron. 
The crossing of the seams, as in Fig. 25, page 21, adds much to the 
strength, and also often prevents a rent from continuing forward to a 
dangerous extent. 

It is scarcely requisite to mention the necessity of good material 
and workmanship to secure strength in a boiler, however perfect 
the design. If the plates are of weak and brittle iron, or imperfectly 
manufactured, they will never make a good boiler. Apart from the 
strain upon the boiler when at work, the iron has to undergo the 
strain of the necessary manipulation, shaping, and punching, 
during the construction of the boiler. K the plates forming the 
boiler are not well fitted to their places before the rivet holes are 
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made, the errors hare to be partially rectified by using the drift in 
the boles to an nu'Warrantable extent, and then using imperfect 
riveta to fiU up the holes that do not correspond with each other ; 
and the mischief ia too frequently inorensed afterwards by oxccBsiva 
oanlliiiig, in the endoavoor to stop the leaking which is sure to show 
itself. In this way a boiler is often exposed to most unequal internal 
strain between its eeveral ports before it is set to work at all ; and 
when the heat is applied to it, the met« expansion causes undue 
contortion, and leads to seam rips, and ultimately to disaster. 
Several specimens of faulty riretting and caulking were exhibited to 
the meetii^, and a sketch of one of them is shown in Fig. 62. 




The strength of a boiler is often very much lessened by the 
injudicious manner in which the mountrngs are fixed upon the 
boiler, and many explosions are the consequence of this defect. Not 
only are a great many holes for fittings cut out of the boiler in one 
line, bnt these holes are made needlessly large. Steam domes are 
often so placed as greatly to weaken the shell of the boiler, the hole 
cut out of the plate being made the full diameter of the dome ; and 
in some cases the domes or steam chests have been made square or 
rectangular, so as to weaken the shell still more, as shown in Fig. S3. 

Manholes are often a source of danger, if not properly arranged 
and duly strengthened. Even in very small boilers they are often 
placed witli the longest diameter in tho longitudinal direction of the 
boiler, so that the shell is greatly weakened, as in the sketch, 
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Fig. 54, of an exploded boiler at Walsall in 1665. This boiler 
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was 5 ft. S ins. long and 2 ft. 6 ina. diameter, and yet the manhole 
ires 18 inches by 13 inchea, and placed within a few inches of one 
end. The end was fastened in by angle iron, which was not 
welded, and conBeqaently there was bo little strength at the small 
portion of the shell between the end and the manhole that it gaye 
way and liberated the end and the manhole lid, after which the 
main body of the boiler was thrown by the reaction across sereral 
streets to a great distance. 

A somewhat similar injudicious arrangement of the manhole is 
shown in Fig. 55, where a manhole 17 inches by 14 inches was 
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cut out of the flat top of a steam dome only 2 ft. Cins. diameter, 
without any strengthening ring to compensate for it. The repeated 
strain of screwing up the manhole lid, combined with tbe pressure 
of the steam, caused the lid to force its way out through the 
plate and Idow away. This explosion ooonired at Birmii^ham 
in 1865. 
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The preceding examples have shown how explosions often resnlt 
from fanlts in the construction of boilers ; and the following instances 
illustrate the explosions caused by mischief arising during working. 
A boiler perhaps more than any other structure is subject to wear 
and tear ; and let it be worked ever so carefully, it will seriously 
deteriorate. The wonder is, considering the work they have to 
perform, that so many boilers are found which have worked twenty, 
thirty, or even fifty years without explosion. The terms wear and 
tear however are too vague for this subject, and the mischief met 
with must be considered under distinct heads. 

There is no doubt that the thing most to be dreaded for boilers 
is corrosion ; because when the plate is once thinned, it cannot be 
strengthened again, but must remain permanently weakened. 
Corrosion the more deserves attention because it is easily detected by 
moderate vigilance, and can generally be prevented by moderate care, 
or by the boilers being so arranged that they can be readily examined 
in every part. Corrosion has been the direct and unmistakeable cause 
of a very large proportion of the explosions that have happened : 
it occurs both inside and outside the boiler, according to circum- 
stances, and attacks the iron in various ways and in different places. 

Internal corrosion sometimes takes place from bad feed water, 
and its effects are different in extent in the different parts of the 
same boiler. It very seldom thins the plate over a large surface 
regularly, but attacks the iron in spots, pitting it in a number of 
holes. These are sometimes large, as if gradually increasing from a 
centre of action ; and sometimes small, but so close together as to 
leave very little more space whole than that which is attacked. . A 
very curious example of the latter was exhibited to the meeting, and 
shown in Figs. 56 and 67, cut from the lower part of the shell 
of a large tubular boiler externally fired. The corrosion was 
greatest along that part of tiie shell most exposed to heat, and was 
so extensive that two boilers exploded simultaneously. The boilers 
had been at work sixteen years, but the corrosion commenced 
about eight years before the explosion, when the feed water was 
rendered corrosive by being obtained from some iron mines. 
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Thii «xplo8ioii occurred at Aberaman in 1864. The corrosloii 
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bad been leen going on for years, and was not conEridered 
snfflcient to cause danger; but the depth tJ> which it extended 
through the thickness of the metal is Been in the half size section, 
Kg. 67, Another sample equally curious was exhibited to the 
meeting, and shown in figs. 58 and 59, taken from the eweep plate 
over the flre in a plain cylindrical boiler which bad worked about ten 
years. The feed water was occasionally bad, and attacked the iron 
OTOT the area DDD, where unprotected by scale. The protection 
afforded by scale against occasional corrosive feed water is worthy 
of notioe. In the two specimens exhibited it is seen that the 
protection has been perfect where the scale has not been chipped 
off; and the edge of the sound part projects over the hollow, aa 
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having eaten away a larger area beneath than that through which 
it fret entered the anrface of the iron. 

Internal corrosion is frequently obserred where boilers are fed 
&om canals or Btreama in the neighbouihood of chemical works 
&Dm which corrosive matter is discharged at intervals into the 
water. The corrosion takes place in isolated spots, but causes deep 
holes ; which seems to be accounted for on the supposition that ths 
scale preriously upon the plate cracks during the cooling of the 
boiler for cleaning, and forms a blister, so that a piece of about 
2 inches area is raised slightly &om the iron. When the boiler is 
again put t« work, this blister becomes filled with the ootroaive 
water, which is held there without oiroulatiou and causes corrosion. 
When the boiler is again emptied these blisters maj be seen, and if 
broken show the blackened water and the injured surface. In 
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ifoture working each of these hlisters forms a constant nnprotected 
point for attack. It is frequently seen further that such corrosion 
is arrested if water be used which deposits scurf ; but fresh blisters 
and renewed corrosion will result from a return to the use of the 
bad water. 

The internal corrosion called furrowing has proved a frequent 
cause of explosion, especially in locomotive boilers. It differs from 
other corrosion by being in deep narrow continuous lines with abrupt 
edges. It will sometimes go completely through a plate ; and is 
found where a sudden change of thickness occurs, either along the 
lines of the seams, or opposite the edge of angle-iron attachments. 
This effect is supposed to be due to the alternate springing of 
the plates under each variation of the pressure or temperature, 
causing the line of least resistance to receive a strain somewhat 
similar to that produced by bending a piece of iron backwards 
and forwards for the purpose of breaking it. This line of injury 
is exposed to constant attack from corrosion, because the scurf is 
always thrown off from it. 

JExtemal corrosion is a far more frequent cause of explosion in 
stationary boilers; and it arises from many causes. The most 
frequent cause, although the most easily detected, is leakage from 
the joints of the fittings on the top of the boiler, which are too 
frequently attached by bolts instead of rivets. This evil is much 
increased when the boilers are covered with brickwork, which holds 
the water against the plates, and hides the mischief from observation. 
It is astonishing to find how much damage is allowed in this 
way to go on without attention, until the tops of boilers are 
corroded so thin that little holes burst through. These are 
sometimes found stopped with wooden pegs or covered by screwed 
patches of plate, either of which cause leakage that hastens the 
mischief, as shown by the sample exhibited. Boilers exposed to the 
weather will of course become corroded like anything else made of 
iron and not painted ; and yet so much mischief is sometimes caused 
by leakage beneath improper covering that exposure may almost 
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be said to be the smaller evil of the two, as it is better to see what 
is going on than to rest in false security. "No coyering will be 
found cheaper, or better, in the long run, than a roof, which prevents 
the loss of heat by exposure, and yet allows free access to all the 
fittings and joints on the top of the boiler. 

Some examples of the evils of covering can be given that have 
come under the writer's observation. A set of boilers had been well 
covered by arches of brickwork, so built as to keep out all water, 
and also set so as to touch the boilers only at intervals, leaving a 
space generally of a few inches. After about seven years' working, 
the whole of the tops of the boilers were discovered to be dangerously 
thin, and had to be renewed. The cause was leakage from the 
joints of fittings and seams of the boilers, and the issuing steam had 
been drawn along the space between the boilers and the arches, and 
had escaped at a place where it had not attracted notice. In another 
case, a somewhat similar set of boilers were covered with ashes, to 
prevent the loss of heat by radiation ; and the rain and the leakage 
beneath the ashes, in conjunction with the corrosive matter from the 
ashes themselves, thinaed the tops of the boilers to a dangerous 
extent in less than two years. A sketch of the corrosion caused in 
this instance by covering with ashes is shown in Figs. 60 and 61. 




Fig, 60. 



46 



BOILBB EXPLOSIONS. 



Similar miscliief has been noticed in boilers covered with sand, 




Mg, 61. 

as shown in the sketches Figs. 62 and 63, which represent an 
instance of corrosion after eight years' working ; although nothing 




Fig, 62. 




lig, 63. 

forms a better covering than sand for preventing loss of heat by 
radiation. In both these examples it will be seen that the corrosion 
has continued until the thickness of the plate has been so eaten 
away that a hole has been burst out at SS. A very good covering is 
formed by brickwork in cement ; or various cements made for the 
purpose, which adhere to the surface of the plate and yet show 
leakage ; or such materials as sacking or felt ; or sheet-iron 
casing, leaving about 6 inches of air space all round the boiler. 
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Bnt all these have the great objection that they hide the boiler 
froQi inBpectioi), except by the expensive procees of removing the 
covering; and in this way dangers that bare caused explosion 
have remained hidden from observation. 

Explosions have also taken place from general corrodon of the 
snrTacB of the boilers in the flues. A new boiler which waa set on 
sidewalls built upon a foundation of porous rock was fonnd to have 
become corroded all along tbe bottom in less than two years, owing 
to tbe dampneES wbicb rose from the foundations causing a constant 
presence of vapour. The corrosion was peculiar, and more like that 
found on old iron left for a long time in a damp place ; for the iron 
plate fell to pieces when touched, and largo flakes could be raised 
from the surlace, and tbe greater part of tbe thickness of tbe plate 
conld be removed with tbe fingers. Somewhat similar corrosion 
had taken place in a boiler wbicb exploded at Loughborongb in 
1863 i the bottom of the shell became rent at the corroded part, and 
as tbe fracture continued spirally ronnd the boiler several times, 
nearly all the shell was peeled o£f in the curious manner shown in 
Pig. 64. The explosion shown in Fig. 65, which occurred at Leeds in 




1866, also arose from corrosion of tbe bottom of the boiler. 

The greater part of tbe corrosion found in the side flues of 
boilers is caused by tbe leakage of seams. Many boilers are emptied 
for cleaning as soon as work is over on Satnrday night, and long 
before the brickwork of the fireplaces and flues has cooled ; and 
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consequently, the boiler, having no water in it, is mctde mnch hotter 
than it ever ia in working, and the Beams are injured and Bpnmg 




J^. 65. 

and the rivets loosened hy the extra expandon so caused. This is 
Bometimes done intentionally, in order to loosen the scale hy the 
greater espansion of the iron than of the scurf. When the boiler ia 
again set to work, the seams and rivets leak and canse that corrodon 
which is called channeUing. This has been obserred to occur to 
sncb an extent that all the seams in a boiler have been seen thus 
corroded ; and the same has sometimes been foond in all the boilers 
in a large manniactory , Specimens of this channelling were exhibited 
to the meeting. One in particular, shown in Figs. 66 and 67, 
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deserves attention, as it shows the effect of a jet of steam and 



Fig, 67. 

water from the leaking rivet B, in cutting a series of channels into 
the plate along the course of the dotted lines EEE, and producing 
a hole in the plate at S. This corrosion had been going on for 
about four years, but was in a part of the boiler seldom seen in 
ordinary examination. Many explosions have resulted from this 
form of corrosion; for when a rent is once made, the fracture 
continues along the thinned channel of the plate. 

The corrosion most to be dreaded, because most difficult to 
detect, is that which takes place where the boiler is in contact with 
brickwork ; and it is found alike in all forms of boilers set in brickwork. 
When found at the part where the side flues are gathered in at the 
top against the boiler, it is usually occasioned by the leaking of 
fittings or feed pipes, or by rain being allowed to run between the 
boiler and the brickwork. More than one explosion has been caused 
by the droppings from a roof being allowed to fall upon the tops of 
the flues. When the corrosion is found at the point where the 
bottom flue walls touch the boiler, it is frequently caused by the 
leaking of seams that have been strained by the weight of the 
boiler; and this often arises from want of care to replace the 
brickwork, after repair of the boiler or flues, in such a position as 
to take again its proper proportion of the weight of the boiler. 
Cases have been met with where the shape of the bottom of 
large boilers has been quite altered by such means. The 
brackets on the sides of heavy boilers have not only been strained so 
that the rivets or bolts have leaked and caused corrosion, but they 
have also bent or cracked the side plates of the boiler. The 
bracket shown at B in Fig. 53, page 40, made of only an angle iron 
with a piece of plate attached, is especially liable to cause injury if 
the brickwork is not rebuilt close up to the angle iron, as the 
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leverage ia bo great. This ia avoided by the better fbnn of bracket 
ehowQ at G, conBiBting of an elbow of flat bar-iron rivetted at top 
and bottom to the boUeF, 

In the old balloon and wagon boilers, the angle where the bottom 
joined the sides scarcely ever remained sound for longwben in contact 
with the brickwork, and many of those that eiploded have been 
ibnnd almost corroded through where tbey stood upon the brickwork. 
The explosion before allnded to and shown in Fig. 7, was caused 
by corrosion of the bottom of the boiler where it was set on the 
brickwork. Many boilers are so set that the brickwork of the flues is 
made to follow the shape of the boiler, with as little space between 
as possible ; hut the slight advantage gained in increased heating 
eflect is far outweighed by the impossibility of getting into the flues 
for examination. It is only by having the flues sufficiently roomy 
that proper examination can be made, and that the indications on the 
brickwork of leaking can be seen and remedied, and corrosion 
arrested. A remarkable case of corrosion occurred in a boiler with 
an oval shell, set npon a middle wall. The fines were too narrow 
for a man to enter, and a leak in the bottom was only discovered by 
the boiler nearly running empty while the engine pumps were 
standing for a short time. It was subsequently found that the 
whole bottom where it rested on the wall was extensively corroded 
in a continuous line, and that explosion was only prevented by the 
namerous stays across tbe bottom to compensate for the oval shape. 
Fig. 68, shows the position and extent of tbe corrosion, and 




^. 6S. 
the pUta wu completely in holes at tbe porta indicated by the 
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black marks. This corrosion was snpposed to have beea gcang on 
fiir about three years. 

It is sometimeB asserted Ibat corrofdon cannot be the cause of as 
a:plosioD, becaoBe the corroded place would simply give way and 
let off the Bteam harmlessly, or at least tbe boiler would not be 
displaced from its seating. When the coirosion is only local, and 
surrooDded by Bonnd plates of sa£Bcient strength to arrest the 
extension of the fracture, this may be tbe case, as in an eiploeion 
at ShefSeld in 1865, shown in Fig. 69, whera a piece of plate 



Fiff. 69. 
was blown ont on one Ride of tbe boiler, allowing the steam 
and water to escape without displacing the boiler ; tbe thickneeB of 
the plate at that part had been reduced to l-8th inch by corrosion 
in about IJ years, which bad been caused by leakage at the seams 
from inefficient repair with boll* instead of rivets, and also from the 
moisture having been allowed to be kept against the plate by tbe 
brickwork. Bnt even under such circumstances, if the piece blown 
ont should bo from the bottom, the whole boiler maybe thrown 
a great distance by the reaction of the issuing steam, as in an 
explosion at Leeds in 1865, shown in Fig. 70. If the corrosion 
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extends for anj length, the first reot le dlmoat sure to cuntinne until 
a complete explosion is the result. Several of the small fflodeU 
exhibited to the meeting showed the line of fracture in varions cases of 
exploBion. One shoved the appearance of a plain cylindrical boiler 
after explosion caused by corrosion along the whole length where it 
rested on brickwork ; this exprosion occurred at WJgan in 1865, and 
a sketch of it is given in Fig. 71. 




Fig. 71. 

Uany explosions of boileni have been caused by accnmnlation of 
scurf. The mischief is not so much from scurf being giadnally 
depo»t«d all over the interior of the boiler to a dangerous thickness 
as from the chips off the sides falling in heaps on the bottom. The 
plate beneath this accumulation becomes overheated, because not in 
contact with the water, and softens and sinks down into a " pocket," 
which if unnoticed will soon burn quite through. If the scurf that 
has caused the mischief is thick and hard enough to resist the 
pressure for a little time, the hole enlarges, until the scorf suddenly 
gives way and allows the contents t^ issue so violently as to disturb 
the boiler, or at least to blow the fire out of the grate. Such was 
an explo^on at Bilston in 1863, where a large plain cylindrical 
boiler, 9 ft. diameter, was heated by three large fires placed side by 
side along the bottom ; and a large " pocket " burst out over the third 
grate, and scalded the attendant to death. A similar pocket in a 
boiler, 4ft. 6 ins. diameter, which exploded at Dudley in 1S64, after 
having been at work six weeks without cleaning, is shown in the 
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tamenne Beotion, 7^. 72. la this ooae tbe sootf hod filled 




Kig. 72. 
up the circle of the boiler to a depth of 3 inches at the bottom, 
BB ahowa in the drawing, and waa of a very hard description ; 
and the boiler plate was bent out in a gradual curve, and ttiiimed 
to about f^ inch, the original thickness being i inch. 

The whole bottom of a boiler is sometimes injured, and the plates 
buckled and the seams sprung, from the accumulation of mnd. 
One case may be mentioned where the water was very fiill of mud, 
and the boilers were worked day and night daring the week but 
stopped for seveml hours on Sunday, during which, time the deposit 
of mud was so thick that it did not get thoroughly disengaged again 
from the bottom when the boiler was set to work, but hardened into 
a mass. Althou^ many of these pockets and injuries to the plates 
may occnr without serions damage, they sometimes cause that firat 
rmt which destroys the equilibrium of the structure and leads to 
explosion. Some of the specimens of scarf exhibited to the Ueeting 
show that fheir thickness is made ap of small chips, carelessly left 
after cleaning or fyien &om the sides of the boiler, as seen in 
Pig. 73, or from cotton waste or other matter left in the boiler 




54 BOILER EXPLOSIONS. 

and forming a nucleus for the scurf to accumulate upon. Other 
specimens show that foreign matter must have been put into the 
boiler to stop leaking. 

Accumulations of scurf in the feed pipes at the point of entrance 
into the boiler have also caused explosion by stopping the supply of 
water. The same result is caused by the freezing of the water in 
the pipes which are exposed, and each winter one or two boilers are 
injured or exploded from this cause, especially small household 
boilers placed behind kitchen grates. Scurf cannot be considered 
so great an evil as corrosion, since it can be removed, and if this is 
done in time, the boiler is restored to its original condition. 

The advantage of a pure water, which does not deposit scurf, is 
so great for the supply of boilers that it is always worth while to 
go to considerable expense for obtaining it ; or to take some steps 
for purifying the feed water as much as possible. If it is only mud 
mechanically suspended, which would deposit by gravity on the 
bottom of the boiler, frequent use should be made of the blow-off 
apparatus. If the impurity is light enough to be carried to 
the surface in the form of scum, the blow-off apparatus should 
discharge from the surface of the water as well as from the bottom. 
If the impurity is chemically suspended in the water, some 
one of the many substances which form the refuse from various 
manufactures, and which may contain suitable ingredients, should be 
used to counteract the effect of the impurity. Common soda will 
answer the purpose perhaps better than anything else. It must not 
be forgotten however that the blow-off apparatus must afterwards 
be used more frequently, to rid the boiler of the foreign matter, 
or the mischief will be increased. In marine boilers, constant 
attention is necessary to get rid of the saline deposit; and in 
stationary boilers using impure water an equally systematic attention 
is needed to get rid of the earthy deposit. 

Perhaps no cause of explosion is oftener mentioned than shortness 
of water, and this is not unfrequently coupled with turning on the 
feed suddenly into an overheated boiler. Many explosions have 
been attributed to this cause, when closer investigation would have 
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rerealed eome far more probable reason. For instanoe, ahoitnesa of 
'water ■was stated as the cause of the explosion, at Aberoam in 1865, 
of a single-tube boiler witb a very large flue tube, which collapsed 
opwords &om the bottom. The top of the tube and the sides of 
the shell had not the slightest mark of overheating, although exposed 
to the flame of three furnaces, one of which worked throngh the 
tube, and the others on each side of the shell. In this case the 
oanse of explosion was clearly the weakness of the tube, and not 
shortnesB of water. It is erroneous te suppose that if a boiler runs 
dry, or if the feed is tamed into a red-hot boiler, there must 
necessarily he an explosion. If a boiler unconnected with any other 
runs rapidly empty, from the breaking of the blow-off pipe or any 
such oanse, it will simply get red-hot and sink out of shape upon 
the fire, as may often he seen, but no explosion would happen. If 
the water only falls gradually, as it would if the feed were turned 
off and evaporation continued, the parts exposed te the fire would 
get overheated as the water left them. If the subsidence of the 
water were very slow, those parts might get red-hot, and so mnoh 
softened and weakened as to be incapable of bearing the pressure, 
when an explosion -would take place, as at Smethwick, in the present 
year, where the flues were set above the water line, as shown in 
Fig. 74. 




Fig. 7*. 

If however the water were turned on again before the over- 
heating had gone so tax, and the feed pipe were, as usual, carried 
down te nearly the bottom of the boiler, the water would gradually 
creep up the heated sides and cool the plates, the heat of which 
would not be suf^cient to cause greater evaporation than the 
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ordinary safety valyes would carry off. The danger would not 
arise BO much, ttom the excess of steam generated by the heat 
accumulated in the heated plates of the boiler, as &om the injury 
and strain that would be caused to the plates by the undue 
expansion and sudden contraction, especially as this action would 
take place on only a portion of the boiler. A singular case, bearing 
on this point, may be mentioned. A four-furnace upright boiler, 
Uke that shown in Fig. 44, happened to run so nearly empty, 
through the accidental sticking of the self-acting feed apparatus, 
that the level of the water sank to the top of the hemispherical 
end forming the bottom of the boiler. The feed apparatus then 
became released of itself, and, the feed being turned full on, the 
water gradually rose until the whole occurrence was only discoyered 
by the leaking at the seams that had been sprung, which caused so 
much steam in the flues as to stop the working of the furnaces. 
The overheating had been sufficient to buckle the plates, and in one 
place a rupture had almost commenced ; but there was no explosion. 
By way of direct experiment upon this point, boilers have been 
purposely made red-hot and then filled with cold water, without 
causing explosion. 

It has been supposed that boilers sometimes explode from 
overheating without the water level being below the usual point, or 
without the accumulation of scurf previously alluded to, but simply 
by the rapidity of the evaporation from an intensely heated surface 
causing such a continuous current of steam as to prevent the proper 
contact of the water with the heated plate. Such has been the 
cause assigned for the explosion of a three-furnace upright boiler at 
Birmingham in 1865, shown in Fig. 75. A piece of plate 
about 3 ft. by 1^ ft. was blown out of the side, at a place where an 
enormous flame impinged continually. The plates had first 
bulged out, and then given way in the centre of the bulge, each 
edge being doubled back and broken off. There was no positive 
evidence as to the water supply ; but the crown of the centre tube, 
which was much above the bottom of the part blown out, remained 
uninjured. 

A somewhat similar case was that of a large horizontal boiler 
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at Eiddenuinster, the tube of which collapsed in 1865, as Bbovn 
in Fig. 76. It TQB heated by four furnaoeB, one of wMoh 
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worked into the tube, one under the bottom, and one on each side ; 
and all the furnaces worked into the aame end of the boiler. The 
tube was found to have partially collapsed at that end, and the top 
had dropped 1 1 inches. This was repaired in tbe first instance, but 
was afl«rwards again found injured by overheating, although not so 
Berionsly. It is very probable that the extremely rapid ebullition 
&om the sides and bottom, &om whioh the steam had to pass up 
tlie narrow space between the tube and the shell, produced such a 
fbaming tiiat very little solid water could reach the top of the tube 
where it was exposed to extreme heat. 

Uany explosions have been attributed to deterioration of the iron 
through long use, as in an explosion at Durham in 1864, and another 
at HasweU, near Sunderland, 1865, where tiie boilers had worked 
constantly for 2S and 30 years respectively. When an explosion 
arises &om the feilure of a plate whioh has not been properly ^relded 
in loUing, there is no question that it waa onsonnd when put in. 
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and escaped notice ; but when the plate that fails is found to be 
brittle and of bad iron, the fault is rather attributed to the effect of 
working than to original bad quality. Of course this is not always 
the case, as the injury done to plates by overheating has been already 
explained. Pieces of plate have in some cases been erroneously 
pronounced to be deteriorated by work, which have been taken from 
situations in the boilers where they were not exposed to any action of 
fire that could cause overheating ; and therefore in reality the injury 
could only have taken place when the boiler was being made, 
by burning the iron in bending it to the required shape. A frequent 
cause of fatal injury to boilers is injudicious repair, whereby 
the crossing of the seams is destroyed, as in the explosion at 
Wolverhampton in 1866, previously referred to and shown in 
Pig. 36. Moreover the edges of the old plates, already tried by 
the first rivetting and the subsequent cutting out of the rivets, 
are frequentiy strained again by the use of the drift to draw them 
up to the strong new plates ; and many a seam rip is thus started 
which ultimately causes explosion. 

Many explosions have been caused by the want of proper apparatus 
for enabling the attendant to tell the height of the water and the 
pressure of the steam, and also by the want of sufficient apparatus for 
supply of feed water and escape of steam, or by the failure of one or 
other of these ; but such explosions can only be referred to generally 
in the present paper. The mountings on a boiler are usually so open 
to observation, and the importance of having them good and efficient 
is so universally acknowledged, that much remark is not needed. 
Mention has already been made of the stickiag of self-acting feed 
apparatus as a cause of mischief, and similar failures of floats and 
gauges have constantiy happened ; but this should by no means be 
considered to condemn self-actiog apparatus, either for assisting in 
the steadiness of working, or for giving warning of danger. The 
apparatus however should be relied on for assistance only ; and an 
attendant cannot be called careful who leaves a boiler dependent on 
such apparatus without watching. The self-acting principle has 
been seen by the writer applied in a novel and useful way in a 
recording pressure gauge, which proved the more interestiog as it 
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had shown the actaal pressure of steam at the time of the explosion 
of one of the boilers with which it was connected. 

Among the nnmeroos boiler explosions that have been attributed 
to over-pressure through deficient arrangements for escape of steam, 
in many eases the safety valves have been placed on the steam 
pipes in such a manner that the communication with them was cut 
off whenever the steam stop- valve was shut, which is just the time 
when the safety valves are most wanted. Safety valves are too often 
found needlessly overweighted ; and it is believed that many boilers 
are constantly worked with safety valves so imprudently arranged 
and weighted, that they could not carry off all the steam the boilers 
would generate without a very great increase of pressure. 

It is concluded that enough has now been said to show that 
boiler explosions do not arise from mysterious causes, but generally 
from, some defect which could have been remedied if it had been 
known to exist. It only remains therefore to consider what is the 
most ready and efficient way to discover the true condition of a 
boiler. It has been maintained that this end is best accomplished 
by what is called the hydraulic test, in which a pressure of water is 
maintained in the boiler for a given time at a certain excess above 
the working pressure. This test is undoubtedly useful so far as it 
goes, and is perhaps the only one that can be applied to boilers with 
small internal spaces, such as locomotive boilers, not admitting of 
personal inspection over the whole of the interior ; and it is also 
admirable for testing the workmanship of a new boiler. But on the 
other hand the conditions of a boiler at work are so different from 
those which exist during the hydraulic test, that this alone cannot 
be depended on ; for old boilers have been known to stand this test 
to double their working pressure without apparent injury, although 
known to be dangerously corroded. The difficulty also of seeing or 
measuring the effect of the hydraulic test upon large boilers set in 
elaborate brickwork is so great that little practical benefit has 
resulted in many cases. 

It is believed by the writer that the surest way to ascertain the 
true condition of a boiler is to examine it at frequent intervals in 
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every part, both inside and outside ; and as this can only be done 
when both the boilers and the flues can be readily entered, it is 
specially important that facility for examination should be made a 
consideration in selecting a construction of boiler. Permanent safety 
should be considered as an element of economy, in addition to its 
still higher importance in reference to the preservation of life. 
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On the Conclusions Derived from the Experience of 
Becent Steam Boiler Explosions, by Edward B. Marten, Mem. 
Inst. M.E., excerpt Minutes of Proceedings of the Meeting 
OP THE Institution of Mechanical Engineers, at Nottingham, 
3rd August, 1870, Thomas Hawkslet, Esq., Vice-President, in 
THE Chair. By permission of the Council. 



The records of Steam Boiler Explosions in recent years are very 
nnmerons, as tlie increased attention drawn to the subject in this 
and other countries has placed far more information at disposal ; 
and the experience of the last four years, since a former paper was 
read by the writer on the subject of boiler explosions, has confirmed 
the opinion then expressed, that aU boilers, however good in original 
construction, are liable in the course of time to get into bad order 
and explode. The particulars of the explosions during this period 
are given in the Tables appended to the present paper, which show 
the number of explosions due to each cause in each class of boiler, 
distinguishing those of the United Kingdom from those in foreign 
coimtries. An analysis is also given of the explosions in the last 
four years, showing the causes of explosion of each form of boiler ; 
and also a summary of the causes of explosion under the three 
general heads of— (1) faults in construction or repair : (2) faults in 
working which creep on insidiously and unnoticed : (3) faults which 
might be seen and guarded against by careful attendants. ITearly 
all of the faults in these three classes would have been detected by 
periodical examination. 

In the case of Cornish, Lancashire, and other boilers with 
internal flues, the faults of construction which have caused explosions 
have been weakness in the tubes, combustion chambers, ends, domes, 
or manholes ; and explosions in these, as in other classes of boilers, 
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have also resulted from external or internal corrosion, shortness of 
water, undue pressure of steam, and scale or mud on the boiler plates. 

In plain cylindrical boilers, and others without internal flues, 
explosions haye resulted from the boiler ends being made flat, and 
also from frequent repairs producing seam rips, especially in boilers 
haying the plates arranged lengthways instead of in rings. 

In marine boilers, weak flues and weak ends have also led to 
explosion, in addition to the other causes mentioned above. 

Locomotive boilers have in two cases exploded in consequence of 
the strains thrown upon them by their being used as a frame for 
the engine. 

Other explosions have resulted from want of stays, and from too 
much heat impinging on some particular part; and in domestic 
boilers from freezing of pipes under pressure. 

Altogether the total number of explosions in this country that 
have been recorded during the past four years has amounted to 219, 
which may be classed under the following heads : — 

Faults of construction or repair 95 

Faults to be detected only by periodical examination . . . . . 62 
Faults which should be prevented by careful attendants ... 64 
Extraneous or uncertain causes 8 

Total 219 

By these 219 explosions 315 persons were killed and 450 injured. 

The following are the particulars of the construction of the 

219 exploded boilers : — 

Cornish, Lancashire, or other boilers with internal flues ... 84 

Plain Cylindrical boilers or others without internal flues ... 54 

Marine boilers 12 

Agricultural boilers 11 

Locomotive boilers 10 

Furnace-upright boilers 8 

Crane boilers 6 

Bag steamers, &c 6 

Balloon and Elephant boilers 5 

Domestic boilers, &c - . 16 

Not sufficiently described 7 

Total 219 
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The causes of these 219 explosions may also bo classed as 
follows : — 

"Worn out, corroded, or burnt plalBS 89 

Undue preBsare, overloaded valvea, intentional or ftoai caieleBsneBB 2S 

Bad conatniction, defectiTe fittings or staj's, or wont of repair , 69 
ShortneBB of water, forniation of scale or mud, or eitemal tinea 

set too high 28 

EitnneouB or nncertain causea 8 

Total S19 

Sketches are given of the most instructive examples of boiler 
explosions during the last four years, which are sufficient to explain 
themselves, with a brief reference to their special features. 

Although the importance of periodical examination as the best 
safeguard against explosion is generally admitted, a great number of 
tfaoee who make or nse boilers have not at present sufficient belief 
in its importance to adopt this course. Boilers are still constructed 
or set in such a manner as to render examinatioa next to impossible ; 
and are continued to be worked without making it the duty of those 
who mind them or of any one elae to examine every part at 
frequent intervals and hence such explosions have occurred as 
shown in Fig 1, No 12 1870 m which the or gmal position of the 




boiler before explosion la indicated bytbe dotted lines It is thought 
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by many steam OBen that all has been done vMcb is poBsible, if 
their boilers are the beet that can be procured, and are set in the 
meet approved way ; and it is taken for granted that ench boilers 
should last for many years, under the idea that a good boiler can 
never explode unless the feed is neglected. Similar boilers are often 
referred to as having vorked safely for ten or twfinty years, but it 
is forgotten that they may be exposed to the insidioas actiim of 




furrovring 
the ezplos: 
and 5, Nos. 35, 1B70 



Fig- 2. 
the inside or channelling on the outside, such aa cansed 
9 of the originally good boilers shown in Figs. 2, 3, 4, 



and 25, 1B70. 




Uuoh mischief arieea from special classes of boilers, fittings, or 
apparatus, being looked upon as promising permanent safe^ from 
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ezplosioii ; while the inevitable oiroomstance is oTerlooked that it is 
only BO long as ererything is maintained in good condition that 
safety is insured. An apparatus, foi instance, for preventing 
esplosion from ahortness of water or over-pressure, however perfect 




for any snch object, woold be quite inefBcicnt as a safeguard 
against explosion from corrosion, Airrowing, Ghannelliog, or weak 
oonstmotion. It is curious to note how often it is the case that every 
other part of an establishment is subject to severe and perpetual 
Bcmtiny, the engines especially being overhauled with the most 
scrupulous regularity ; while the boilers, the very source of the 
power and the heart of the whole business, are left to themselves 
for long periods, even for years, without examination ; and it is too 
often only after bitter experience that owners have understood the 
need of this examination. In ibis, as in many other matters, 
esperience has shown that there is no royal road to safety, and 
that immunity is only secured by unremitting care and constant 
watchfiilness. It should never be forgotten that even a good boiler 
can explode ; for however good at the outset, sooner or later the 
time must eventually arrive, when such wear and tear will have 
taken place as will result in dangerous weakness, uuless the boiler is 
oarefnlly and systematically attended to. Although a boiler may 
even last safely for ten to thirty or more years if worked slowly and 
with care, no confidence can be placed in a boiler which has worked 
M long, unless it is examined in every part. 
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The opinion is more general than many are aware of, that 
explosions as a role are cansed by shortness of water and the Budden 
turning on of the feed water upon red-hot plates ; and the 
appearances of injniy in the plates from fire, arising in the ordinary 




course of working, have been frequently mistaken for signs of 
overheating from shortness of water at the time of explosion, as 
illustrated in Figs. 6 and 7, So. 24, 1867, and So. 59, 1866. 




Although boilers do explode from the softening of the plates hy 
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overlieatiag is conseqnence of shortoess of water, yet it is very 
doubtfol whether the turning on of the cold watet at such a time is 
ever the cause of explosion. The feed water being always 
introduced at the bottom of the boiler, as in Figs. 6, 9, and 10, 




cannot be scattered suddenly near tbo overheated parts, but must 
rise gradually up the Bidee ; and the boUer would have gone to pieces 
from the giving way of the softened parte long before the water 
reached them, as was the case in the explosions shown in Figs. 11 
and 12, end of 1868. The experiment of injecting cold water into 
red-hot boilers has been carefully tried more than once, without 
producing any explosion. 

Although it may be too much to suppose that boiler explosions 
will ever be entirely prevented, it is important that those who have 



the care of boilers slioald undergtand better what are the true 
cauHea of exploBion, in order that they may know what to guard 
againet in addition to shortness of vat«r. This better nndeTstanding 




J^.. a. 
of the subject haa been much retarded by the snppositioii that the 
causes of boiler exploaions are beyond the comprehension of the boiler 
minders; and utill more by the important differences of opinion 
among those under whom they work. Mach evil has resulted from 
the promulgation of strongly expressed Tiews, which have been 
founded upon facts but of too limited extent, and snoh as must - 
become modified by consideration of the facts of a large number and 
variety of explosions. Myst«riaua theories to account for explosions 
have been resorted to only from want of clearer esplaaationa. 

Before considering in detail the causes of ezplosion, it la neceaaary 
to recall to mind that beyond question there is snfBcient accumulated 
force in any working boiler to oauao all the violent effects of an 
ezplosion, if this force be suddenly liberated. In Figs. 13 and 14, 
So. 18, 1869, and No. 69, 1866, are shown the violent effects of the 
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rnptnre of vessels employed for Bteamiug rage, which were filled 
with steam only. In ordinary boilers however there is present, 




Fig. 13. 
besides the steam, a quantity of water heated much beyond the 
atmospheric boiling point ; and when rupture takes place and the 
pressare ia suddenly relieved, part of this water evaporates, and keeps 




Hg. U. 
up the supply of steam to continue the rupture and destruction. 
The explouon of a boiler differs &om the discharge of electricity or 
l^hbiing, which cleaves the air and instantly leaves a vacuum ; it 
also differs &om the dischai^ of detonating compounds which act 
suddenly and leave a vacuum; but It more nearly resembles the 
discharge of gunpowder, which bums sufficiently slowly to keep up 
a continuous pressure behind a projectile until it leaves a gun ; and 
each cubic foot of water in a boiler working at 60 lbs. pressure has 
been shown to prodnce in steam an explosive effect eq^ual to one 
pound of gunpowder. Ifone of the elaborate but unlikely theories 
of decomposed steam, or of electric accumulations, suppose a force 
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BO fitted to cause deBtmctdon aa that contained in the U^f heated 
Tater exiatiiig in all waAmg boilers. 

The following appear to be the general reaalts to be derived 
from the experience of the explosions in this conntry during the 
last four jeaxe. 

First as to fanlts of constmction vhich &I1 under the deparbnent 
of the boiler maker or repairer. One of the most apparent causes 
of explosion in stationery boUers is the loss of strength occasioned 
by frequent repair, not only from the injury done to the old plates 
by remoring rivets, bat from the vant of bond in the nev vork. 




^MWF^ 
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1^. IB. 
This has lead to man^ of the explosions of the Plain Cylindrical 
boilers, each as are shown in Figs. 15, 16, and 17, No. 45, 1869, 
Ko. 32, 1870, and So. 20, 1870. Where the plates are arranged 
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longitadinally instead of in ringB, the danger is increased, aa there 
is lesB ohance of a dangerous rip heiog arrested by a crossed joint. 




Fig. 17. 
So great a number of boilers with eonttnuoua longitudinal seams, 
oapecially in the North, have worked for twenty or thirty years, 
t&at it can hardly be suppoaed they are any weaker than the boilers 
made in rings ; but they are more liable to explode, for if a seam 
rip occurs, it more easily extends along the seam, and leads to the 
general break up of the boiler, shown in Pig. 18, Ho. 59, 1869. 




Fig. 18. 

Perhaps no boilers have worked for a greater number of years 

than the Plain Cylindrical boUers, many specimens being in exietenoa 

and apparently in good order which were pat to work fifty or sixty 

years ago. When such boilers hare been too much or injudidousl; 
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repaired, they are treacherous and Tincertain ; but their rupture and 
explosion occur not so much on account of fault of shape, as 
from the simple reason that like willing horses they are easily 
overworked. The grates are usually twice as large as the fair 
proportion to the heating surface, producing the double eyil of 
forcing more heat through the iron plates over the fire than they can 
transmit without injury, and allowing a great amount of heat to pass 
away to the chimney without useful effect. Carefdl experiment 
shows that nearly as good duty can be obtained with the plain 
cylindrical boiler as with any other form, provided the rate of 
combustion is in fair proportion to the extent of heating surface in 
the bpiler. The circumstance that many plain cylindrical boilers have 
exploded is not sufficient to condemn this make of boiler, which is 
the cheapest, simplest, and most easily set. If the number of 
explosions alone were to be taken as the guide, it would lead to the 
condemnation of the Cornish and Lancashire boilers, from the 
experience of the past four years. But in case of both plain 
cylindrical and other forms of boilers, most of the dangers admit of 
remedy, and can be guarded against by frequent examination. 

Five very fatal explosions have occurred of boilers heated by 
Puddling and Mill Furnaces, leading in some cases to the supposition 
that this form of boil^ is more liable to explosion than others. 
They were not adopted however in the iron-making districts without 
great care and consideration, and there does not seem ground for 
attributing special danger to them. The causes of the five explosions 
referred to of these boilers were manifest, and would have l^d to 
the explosion of any form of boiler ; the loss of life however was 
great, because the situation of the boilers was among a large number 
of workmen. The steam power required in ironworks so far exceeds 
that in any other trade, that an ironwork is half composed of boilen ; 
the workmen are necessarily within the range of explosion of many 
boilers, and hence the great loss of life when such an accident 
occurs. The explosions of such boilers shown in Figs. 19 and 20, 
Ko. 24, 1868, and "No. 31, 1868, were from external and internal 
corrosion respectively of the bottoms, rendering them too weak to 
bear the ordinary pressure. 



BOILXR SZPLOBIOMB. 



Those abowQ in Figs. 21 and 22, No. 23, 1870, 
and So. 53, 1869, were from the collapse of 




Fig 19 

tie central tubes, whioli Tere weakened by 
external and internal corrosion reapeotiTely. 
In Fig. 24, No. 35, 1868, the shell was in bad 
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order trom over work and reoeivmg too mach heat from four large 




Fig. 22. 

fomaoea, one of these eepecially canBing a constant mass of flama 
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to impinge upon a single plate, which resulted in a seam rip. 
The greatest number of ezplosions and the greatest loss of life 
and personal injmy have been in the case of Cornish and Lancashire 
boilers, or others with internal flues. In the county of Cornwall 
itself there have been many explosions, as often from the rupture of 
the shell, Fig. 23, So. 58, 1869, as &om the collapse of the tube, 




Jiy, 23. 
Fig. 25, No. 85, 1869. The temporary patching on some of these 
old boilers was most extensive, Fig. 26, No. 52, 1869, and the only 
wonder really was that they held together as long as they did. 
The belief that shortness of water is the only cause which can 




lead to the collapse of tpibea is so strong, that the boiler minders 
have often been condemned almost unheard in cases of explosion, 
as if there were no room for doubt that their neglect was the 
oaose. Explosions &om weakness of tabes are not howeTer 
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confined to Cornwall, aa for example in Fig. 27, No. 42, 1868, 
nliere the flne waa oval and very weak : although it was supposed 
tliat shortnees of water caused the accident, from the idea that 
nothing else conld acoount for it. The strain oansed by the varying 




Fig. 26. 
temperature of the internal tubea in Cornish or Lancashire boilers, 
and the difficulty of staying their flat ends so as to make them 
sufficiently secnre without being too rigid to allow for the ezpansioa 
of the tubes, render them liable to corrosion or " ftirrowing " in 
particular lines of strain, the destructiye action of which is Tery 




Fig. 27. 
rapid ; while the large quantity of brickwork around the outside, 
necessary to form the external £aes, also renders them liable to 
corrosion in the parte most difficult of access. In tliis fnToorite 
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fcam of boiler therefore oarofal and frequent examination in every 
part is more needed than in boilere of simpler form and setting ; and 
Qie increBBiug number of explosions among Hiese bailers seems to 
establish that they are only trustvorthy if frequently examined 
and kept in perfect order. 

Several instances have occurred of explosion of Portable Crane 
Boilers. Their small size has led to their condition being disregarded, 
imder the idea that scarcely any pressure could burst them. la 
practioe it is found however that they axe often exposed to greater 
presanre than other boilers, because the fire is large and quick in 
proportion to their size ; and they often have to stand for a 
considerable time with the steam up, and their expceed position and 
long intervals of rest odd to the chances of corrosion, as shown by 




the example in Fig. 28, No. 14, 1869. The large manholes without 
strengthening rings, that aie so often put in these boilers, have been 
the canse of explosions such as that shown in Fig. 29, No. S7, 1866, 





liff. 29. JV. 30. 

7310 same remark applies to some of the portable or agricultural 
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boilers wHoh liare exploded, Buch as those shovn in Figa. 30 and 
31, No. 43, 1866, and So. 12, 1869. 

Unoh miBchief is often caused by bad unitation of well planned 
boilers. Thus in boilers of tbe OomiBb form, the ends aie made 




sometimes bo rigid as to give no allowance for the expansion of the 
tabe, and the result is such oontinned strain as to cause constant 
leaking and tlie consequent risk of fcacttue In fhmace boilers the 
tops of the crowns of the inside tabes are often made flat, as in 
Fig. 37, instead of being domed , or the inside tobe ib of undue 
size, as in F^;. 21, So 23, 1870, see ye^ 73 Fnmace boileis 




have been made with the omission of the stays that are i 
pecnliaxly necessary m that form, whereby both ends have bee 
left free to bulge outwards with the pressure, as in Fig. 32. 
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Conuali boilers are often altered to the plain cylindrical form, 
without compensation being made for the Iobb of strength oansed by 
the removal of the tube ; this has led to such explosions as shown in 




Kg. 32. 

Fig. 33, No. 47, 1869, where two tubes where taken out, and 
Kg. 34, No. 42, 1867, where one tube was taken out. One of the 
moat frequent and serious causes of loss of strength is the repairing 
of externally fired boilers. Not only are the patches sometimea 




%. 33. Fig. 3*. 

only bolted on in a temporary manner, as in Fig, 35, No. 29, 1869, 
but even where they are riyetted on there is an entire want of bond 
or crossed joint, as in the case of the exploded boilers shown in 




PigB. 15, 16, and 17, see page 70 and 71, No. 10, 
Fig. 86. 




Fv- 36. 
- An attempt ia made in Fig. 38 to ebow the effect of wear and 
tear of boiler plate ia an ordinary uprigbt Aimace boiler, such as is 
Bhown in Fig. 37. The external surface ia exposed to intense beat 
and consequently expands, vbile the internal surface is kept oool by 
contact with- the -water and expands to a much less degree. The 
continued repetition of this process produces the same effect of 




Fig 38. 
cracking tbe surface as that seen in the anTil blocks of steam 
hammerB ; and the strongtb of the plate is reduced in proportion to 
the destruction of the continuity of its surface. The deleterious effect 
of tbie process is much increased if the boiler is sahjeot to alternate 
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heating and streams of cold air on opening the fiTs-doora. To avoid 
it tte flame should have room to spread over oa large a sarface as 
posaible, without impinging on one particular point, and the firing 
should be as regular as possible ; and hence the greater freedom from 
injury in boilers mechanically fired or heated hy gas. The above 
action is quite distinct from the overheating of the plates that 
occurs when no water is in contact with them, which simply softens 
them and reduces their strength, as in Pig. 39. It is believed that 
many boilers su&r from overheating without being short of water: 




Fig. 40. 

and an attempt is made te show this action in such an upright boiler as 
is T^resented in Fig. 87, page 78, by the enlarged section of the aide 
shown in Fig. 40. The flame is shown impinging on a limited surface, 
as before, and the steam rises so rapidly from the inner surface as to 
maintain a continuous stratum of steam between the iron and the 
water, and the plate consequently becomes overheated at that part. 
"When the intense flame subsides by an alteration of the working of 
HtB furnace, the stream of steam diminishes, and the water returns 
and suddenly cools and contracte the plate, but often not before it 
has oommenced to get ont of shape. This has perhaps led to the 
explosion shown in Fig. 69, No. 37, lfi68, page 82, The same 
tiling may happen to the crowns of tubes of internally fired boilers 
when over fired, as in Fig. 41. Success has attended the use of 
int«mal linings to boilers, arranged so as to ensure a rapid circulation 
over the most heat«d parts, and also to cateh all the mnd and 
loose scale. 
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In order to enable boiler minderB to make proper periodical 
ezaminatioiis, it is necessary that oare should be taken tn arrange 
both the boilers and the flues with that view ; and this can be done 




lis ea 

without materially rnjunng the efficiency of the boiler Ordinary 
plain cylindncal boilers can be entered eaeily, as in Pig 42 ; 
and although the buibU spaces between the tubes and the shells of 





Fig il Jhff a 

Comieh and Lancashire Boilers, as shown in Fig 43, render the 
complete examination tioubleaome, there is no difficulty m seemg ' 
those parte most hkely to need examination, such as the crowns of 



the tabes and the end plates and sngle iron. It is in the external 
flaes that greater acoommodation is needed, as in many cases these 
are so narrow that the boUer is ijnite inaccessible without pulling 
down the briotvork, as in Eigs. 44 and 45. The loss of heating effect 





ISg. 46. Ftg. 46. 

caused by the ose of wider flues is so little, that it is far outweighed 
by the greater security obtained Irom the more efficient examinatioQ 
tliat is thereby rendered practicable. The flues of the plain cylindrical 
boiler are easily mads wide enough for a man to pass through them. 
The flues of Cornish and Lancashire boilers should be made as shown 
in Figs. 46 and 47, so that a man can enter them withont such 
inconvenience as in Fig. 48, One point of danger being the use of 





Fig 48. 

wide mid-feather walls, on which corrosion is apt to take place, 
these ahould be narrowed and the weight of the boiler supported on 
aide brackets ; the tep of the mid-feather and side walls can tlien 
be oonBtructod with sight holes as at A A in Figs. 49 and 50, so as 
to give the means of examining the plates near each seam by simply 
removing loose bricks. 

The explosions of fourteen Domestic or Heating-Apparatus 
Boilers are included in tho list of explosions, Table III ; and some 
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notice is required to be taken of these, becaiue they have led to the 
lose of the livee of those who could not be expected to know their 
construction or how to guard against accident ; and as these bailers 
SIS seldom seen or esammed after they are once set, they should bo 
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the more carefully constructed. In one or two oases these boilers 
were of a rectangular shape, as in Pig 51, No 41, 1868, lU 
adapted to bear internal pressure, an^ yet placed in connection with 
cisterns in the roofs of lofty bouses, so as to expose them to a 
hydrostatic pressure almost up to their bursting strength without any 
addition of steam pressure. The most usual oanse of explosion is 

Fig. 51. lig. 62. 

the lighting of the fire during frosty weather in a house that has 
been left vacant, so that steam pressure accumulates in the boiler 
whilst the exit is frozen up, as was the case in Fig. 52, No. 6, 1870. 
The cast-iron boilers commonly used. Fig. S3, end of 1869, are 







capable of hearing but little pressure ; and the vton^t inm boilers, 
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as in Fig. 54, No. 7, 1870, are found often so badly welded as to be 
but little Htronger ; but even if tbey were as strong as tbey could be 
made, tbe stoppage of the pipes by ice would lead to explosion. 
Steam pressure may be guarded against by a safety valve ; but as 
this may become set fast in a little time, it would be far better to 
avoid all chance of steam accumulation by such an arrangement as 
that shown in Fig. 55, where the circulating boiler is placed within 



l 




Fig. 56. 



an opra-topped boiler behind the kitchen fire, and only receives its 
heat through the hot water surrounding it, and therefore cannot 
itself become sufficiently hot to generate steam. 

A few remarks may be useful as to those faults arising in 
working wbioh fall under tbe department of tbe boiler nlinders. 
Not a few of the explosions during the last four years have occurred 
from act« of simple carelessness, sucb as where a blow-off pipe was 
left open, so that tbe boiler was nearly emptied of water while at 
work ; or in another cose where two boHers were fed at the same 
time tbrougb a common pipe without a back valve, and tbe water 
&om one "kicked " ever into the other. TJndne pressure has been 
allowed to accumulate by safety valves being tied down, as iu the 
agricultuial boiler, Fig. 56, No. 16, 1867 ; or by an extra weight 
being put upon the safety valve, as in au instance where three bricks 
were festened to the lever and tbe fires were lighted earlier than 
usual, tmder tbe idea that an accumulation of steam could be raised 
during the night to make a good start in tbe morning. Another 
explosion was caused by working a boiler at more than three times 
its proper pressure to meet a temporary emergency. In not a few 
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cases of ezplonon tliere wbb no pressoie gauge on the boiler, oi tte 
gauge vas out of repair in consequence of being placed on the eteam 
pipe, BO that it vibtated with ereiy stroke of the engine ; as in the 
examples ehown in Figs. 24 and 16, No. SS, 1868, No. 32, IS70, 
pages 70 and 74. 

CorroHion has been the direct caose of many of the ezplosionB, 
In one or two cases the corrosion was known to exist, bat the 
renewal of the boiler was too long delayed, as in Fig. fi7. No. 8, 1869, 




in others it took both owners and mmders by surprise, as in Pig. 1, 
No. 12, 1870, page 63. It is said that to produce rapid mating of 
iron there must be present oxygen, water, and carbonic acid ; and 
as all these are present in a boiler flae when there are leaks, it ia not 
surprising that so many cases occur of explosions &om corrosion. 

Much nuBchief is ofben done by the injudicious use of oompositionB 
in the boiler that are designed to prerent incrustation, especially 
where tiiere is no blow-off cock or where its use is neglected. A 
hard deposit on the boiler plates ia, in the writer's opinion, not so 
injurious as the soft and muddy deposit piodnced by tlie use of anoh 
compositions. A hard scale is eqaiTolent te thickening the plate; 
and although this is snfSciently mischieTons, the injury te the plates 
is much more rapid when a thicker but spongy deposit entirely 
prevents contact of the water and impedes the transmission of tlie 
heat. An attempt to illustrate this is given in Fig. 58, which ia an 
enlarged view of a portion of such a boiler as is shown in Fig. 37. 
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The money spent in boiler compositions would be better applied in 
Becming a Bupply of proper water, or in filtering and pnii^ring tlie 
water before it enters the boiler. 




Fig 63 

The writer has had te mention only faults in boilers ; but it is 
not te be inferred that all boilers are working in actual danger. 
A very small percentage perhaps are bo ; but without periodical 
examination no one can feel sure of the condition of any boiler. It 
is not likely that explosions in future will bo from exactly the same 
causes as those now described, because the known faults will be 
avoided. For instance no new Balloon, Wagon, or Butterley hoilera 
are now made ; and the peculiar fanlte and the weakness of the 
tubes in Cornish and others of the better classes of boilers are now 
so well known as to be generally avoided ; and as information 
spreads, many evils will become things of the past. 

As periodical examination has been bo strongly advocated, it 
might seem natural to desire that it should be enforced by 
government authority ; but this is by no means recommended. A 
select parliamentary committee has been recently investigating the 
subject, with a view te ascertain whether that would be desirable, but 
has adjourned for the session without coming te any decision on this 
point. Even if a perfect system of government inspection could be 
contrived and perfectly administered, it would have the effect of 
taking the responsibility from the owners, who are the natoral 
guardians of the safety of their boilers. Although the loss of 70 lives 
per annnm by boiler explosions is sufficiently deplorable, the deaths 
by railway accidents are more than three timeB that number ; yet 
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very little inspection of railways is held to be necessary, and that 
inspection takes place chiefly before the commencem^t of working or 
after accidents* A coercive system may introduce more evils than it 
cures, especially as at present so much difference of opinion exists 
respecting the causes of boiler explosions. In the opinion of the 
writer, far more real good arises from the calm discussion of the 
facts and from the spread of correct information by such societies as 
this Institution, than from enforcing by law any action which is not 
perhaps believed by the majority of steam users to be at all necessary 
or useful. It has been at times suggested to increase the power and 
responsibility of coroners in holding inquests upon those killed by 
"^boiler explosions, by requiring them to obtain scientific evidence 
and to insist that the causes of the. explosions shall be added to the 
verdicts of juries. But it is believed that this would only encumber 
an important institution, because a jury who might well decide 
whether a person had been killed by any criminal carelessness would 
not be a suitable tribunal to decide between possibly conflicting 
scientific evidence ; and also, as an inquest may result in a verdict of 
manslaughter, the eliciting of information on such an occasion is 
checked by the natural fear of inadvertently involving some one in 
so serious a charge. The public at large, and steam users generally, 
would gain more information and guidance from the scientific evidence 
itself than from the verdict of a coroner's jury ; and it is believed 
much good has resulted in preventing locomotive boiler explosions by 
publishing the reports of the government inspecting engineers, who 
have gained their knowledge of the facts in conversation with all 
those concerned, and have added recommendations which have been 
promptly acted upon. 

The writer's object has been that the boilers found most 
convenient and best suited for the different purposes for which they 
are used should be made to work with safety, rather than that 
reliance should be placed upon the qualities of any particular kind of 
boiler or fittings. No form of boiler at present admits of absolute 
reliance upon its freedom from risk. 

The following general conclusions appear to arise from the 
consideration of the records of boiler explosions. 
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1. That the force accumulated in an ordinary boiler is enough to 
account for the Violence of an explosion. 

2. That no form of boiler, however well constructed and fitted, 
is free from the liability to explosion, if allowed to get out of order ; 
and that boilers which bear the hydraulic test may still be dangerous. 

3. That the condition of a boiler can be satisfactorily ascertained 
only by periodical examinations, and that no boiler should work 
without being thoroughly examined at short intervals. 

4. That the cost of periodical examination is so little as to be far 
outweighed by the greater security obtained ; and that the settings 
of all boilers should be constructed with a view to facilitate 
examination. 

5. That the surest way to make systematic examination general 
is to spread as widely as possible correct information as to the facts 
and ascertained causes of boiler explosions, and to inform boiler 
owners and minders what dangers to guard against ; and that this 
is preferable, and more likely to lessen explosions than enforcing 
any, system of inspection by legal enactment. 
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BOILEE EXPLOSIONS. 



TABLE III. 

Analysis of Steam Boiler Explosions in the United Kingdom 

during the Four years ending ZOth June^ 1870, 

showing the Causes of Explosion of Boilers of different descriptions* 

A = Faults in construction or repair. 

B = Faults which should be detected by periodical examination. 
Q = Faults which should be prevented by careful attendants. 
D = Causes extraneous or uncertain. 
Xj= number of Explosions. K= number of persons Killed . I"« number of persons injured. 

Cornish, Lancashire, or other Boilers with internal flues. 



A^ 



Weak Tubes 

Weak combustion chambers 

Weak ends 

Weak dome 

Weak manhole 

, Bad repair 



B 



C 



(External Corrosion 
Internal Corrosion 

/ Shortness of Water 
J Scale or mud 
( IJjidue Pressure 



E 
26 

5 

3 

1 

1 

3 



K I 

17 41 

8 7 

10 10 



1 1 
5 2 



18 42 101 

6 4 5 

14 11 23 

3 10 

4 14 4 



E 
39 



K I 
41 61 



24 46 106 



21 26 27 



E K I 
84 113 194 



Plain Cylindrical, or other Boilers without internal flues. 



f Weak flat ends 
I Weak manhole 



8 
1 



9 12 
2 



Frequent repair producing \ 
•^ "i seam rip in boilers with J 15 18 
plates aixangedlengthways ) 



28 



[■ 



Do. with plates arranged iii I g n 25 
rincTS .. f 



^ ( External Corrosion 
\ Internal Corrosion 

/ Shortness of Water 
C I Scale 

I Undue pressure 



11 


5 


19 


5 


5 


6 


2 


1 





1 


1 





3 


4 


3 



82 38 67 



16 10 26 



6 6 



54 54 95 



Carried forwards 138 167 289 
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Marine Boilebs. 



Brought forwards 188 167 289 



/ Weak flues 


E 
3 


K 
6 


I 
3 








A' 1 Weak ends 


2 





5 








' Bad material 


1 


3 


1 


S 


K 


I 










6 


15 





•o ( Eytomal Corrosion . . 
' Internal Corrosion 


2 


10 


3 


ff 


3 


1 


4 


5 
1 


11 
11 


7 


C Shortness of water . . 


1 


11 


7 













Locomotive Boilers. 

A Boiler used as frame for engine 2 
( External Corrosion . . 



B 



2 
2 



D 



* Internal Corrosion 

/Broken connecting-rod 
( pierced boiler 

j Dome caught by railway bridge 1 

Uncertain causes 



1 




4 
3 



) 







Agricultural Boilers. 
A Weak manhole 



B 



( External Corrosion 



\ 



Internal Corrosion 



n [ Shortness of water 
' Undue pressure 



Furnace Upright Boilers. 

!Too much flame on one part 
Frequent repair producing ) 



2 





4 


1 


1 


4 


2 


3 


3 


1 


1 


7 


1 








6 


15 


15 






seam np 

-D I External Corrosion 
' Internal Corrosion 

C Shortness of Water 



Elephant Boilers. 

A Weak ends or want of stays 

B External Corrosion . . 



1 
1 



2 
13 




2 



2 
2 


13 
15 


11 
6 


2 


3 


8 


1 


2 


2 


1 





4 



5 



4 10 



7 15 16 



2 15 2 



12 37 23 



10 



5 



14 



11 20 20 



4 


28 


17 






2 


3 


8 


8 


46 27 


1 


2 


2 


1 





4 


2 


2 6 









Carried forwards 181 277 388 
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) 



E 
3 



K 

7 



I 
3 







Crane Boilers. 

A "Weak manhole 

B External Corrosion . . 

C Shortness of water 

Rag Steamers, &c. 

/ "Weak manhole 
A \ Bad material 
( "Want of stays 

C Undue Pressure 

Feed-water Heaters. 
D Uncertain causes 

Domestic Boilers. 

A Weak shape 

B Corrosion 

C Undue Pressure from 
freezing of Pipes 

Balloon Boilers. 

B External Corrosion 
C Undue Pressure . . 



Boilers of uncertain description. 
A Weak manhole .. 10 



E K I 
Brought forwards 181 277 388 



2 





6 


3 


4 


7 


2 





5 


9 


7 


9 


2 


I 


2 


1 


1 






r Steam entered through blow- J 
I off pipe from another boiler > 1 
j while cleaning . . ) 



j Steam pipes broken 
^Shortness of "Water 

D Uncertaiii causes 



2 
i 



4 
1 



3 
4 







E 
3 

1 

2 



3 
2 

9 



2 
1 



K 

7 
4 
2 



I 
3 

2 





3 


2 


5 






1 


1 


6 






i 


1 





5 

1 


4 10 
2 6 


1 


2 


6 



6 



4 




1 
1 



7 
5 

9 



2 









6 13 



C 6 IC 



2 



14 XI 21 



3 



Totals 



4 
2 


6 



9 
3 


7 6 12 






• • 


• • 


E K T 

219 315 450 
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TABLE lY. 

Summary of causes 
of the Steam Boiler Explosions comprised in Table III, 



Causes of Explosion. 


Number 

of 

Explosions. 


K 

Number of 
persons 
Killed. 


I 

Number of 

persons 

Injured. 


A Faults in construction or repair . 

B Faults which should be detected by ) 
periodical examination . j 

Q Faults which should be prevented by ) 
carefiil attendants . . J 

Extraneous or uncertain causes . 


95 
02 
54 

8 


128 

105 

79 

3 


167 

185 

84 

14 


Totals 


219 


315 


450 
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BOILER EXPLOSIONS IN 1866. 



yo.l. Nottmgham. January \»l. noMMJurtd, 

LocomotiTe, 110 lbs., standing with Bteam ap near a platform. 
All but the fire box was blown away, the main portion being thrown 
a distance of 400 yards. The first rent took place at a longitudinal 
seam of the barrel where gnwving had gone on very rapidly, which 
was not discovered when examined and tested a short time before. 



No. 2. Wahail (Fig. 



January 2nd. 




2 injured. 



Bntterley, 26ft. 6in. long, and 9ft. diameter. The waggon-shaped 



BOILEE EXPLOSIONS IK 1866. 

top to the fin place was 8ft. 6iii. long, and was attached to the 
bell-month of the interual tube, which then continued circular to the 
back of the boiler. The tube was 3ft. 6in. diameter. All the 
plates were about 7-16ths inch thick, and although the boiler was 
an old one, they were nowhere reduced in thicknera bj wear. The 
UBual pressure of steam was 18 lbs., and a self-TegisterlDg gnage 
showed that at the time of exploeiou it did not exceed 20 lbs. 

The top of the fire grate on the right side rent len^fndinally, and 
the upper part of &e shell consisting of four rings of plates, and 
also the top of the fire place opened om and blew away to a 
considerable distance. 

The front end also blew away. The bell-mouth of the tube was 
blown to the front, and the tube which remained in the back part itf 
the shell collapsed upwards. 

The cause of the explosion was most likely the intrinsic weakness 
of boilers of this shape, especially over the fire, where the top is 
only ret^ned in its shape by nunkerous stays. The boiler had been 
very frequently repaired, at this the weakest place, and its strength 
had been thus so reduced as to make it unable to bear even a few 
pounds more tlian the ordinary working presBore. 

The whistle was found to have been gagged by hemp, oarefnUy 
inserted, so that there is ground for snppofflog there had been 
intenlioaal uufEtir usage. 

JPb. 3. Sfyth. (Fig. 2.) January 8<ft. 1 hilhd 1 ii^artd. 




Fig. 2. 
Ifarise, 20ft. long, and 5ft. diameter, with internal fire place and 



BOILES EXPLOSIONS IN IBM. 

Fetnrn flue, 14 lbs. There were altogether three rents in the tube 
over the fire, as a small band was held in its place by a stay from 
the tube to the shell. The escapiog contents scalded those near, but 
no damage was done to anything bat the boiler. 

The canse was stated to be shortness of wal«r. There was 
no water gaage. 

Ifo. 4. London, Jantmry Slh. 1 hHied. 

One tube Cornish, 28ft. long, 6ft. 6in. diameter, with one tnbe 
3-6 diameter, } inch plates, 45 lbs. 

The tabe collapsed in an incline direction from weakness without 
strengthening lings. 

The appearance after explosion was nearly the same as that shown 
in sketeh given at No. 12 explosion. 

No. 6. Olaiffow. {Fiff. 3.) January I3th. 4 kUkd, 4 mjured. 




Itg. 3. 

Two tnbe Cornish, 22ft. 3in. long, and 7fl^ 7in. diameter, | inch 
plates, tnbes 2ft. 7iu. diameter, 40 ths. 

Abont 8ft. of the back portion of the shell was torn ofi^ leaving 
the tnbes and ends intact. 

The canse of the explosion was considered to be excessive pressnre, 
bnt how accnmnlated did not transpire. 

It is most natural to expect that there mnst have been corrosion 
nndar the bottom to cause the first rent. 



Bomaa eiplosiohs is laea. 

Ifo. 6. Ooa&ridge. Jiaatutry nth. 

Comieh. No details have been obtained. 

2fo. 7. rork. {Fig. 4.) January 18th. 




^^^ 



Agricnltaral, 6ft. 2iD. long, Sfi. 6in. diameter in the barrel, 
5-16ths incli plates, internal fire box, 2ft. 4in. wide, 2ft. 4in. high, 
and 2ft. lOin. deep. From the back of thla fire box, two 12-inch 
tnbee passed te an internal chamber at the back of the barrel. 
from this again passed nine 3^ ioch tubes to an exterior smoke-box 
fixed over the fire door. The boiler was fitted with one spring safety 
valre, which was screwed down tight, but there was no pressure 
guage. The front plate was intended to be bolted on so that the 
fire-box and tubes could be taken out for cleaning, bnt it had been 
HTetted, leaving no means of cleaning, and it was nearly full 
of scurf. 

The crown plate of fire-box which was too flat and unatrengthened, 
rent at the front and along both top edges, and was diiveu into the 
fire. The boiler was thrown backwards and reared against a wall, 
resting on the front right hand comer. 

The cause of the explosion was that the very dirty state, caused 
overheating where the water was not in proper contact with the 
plates, and the defective constnictlon did not admit of proper 
cleaning. The mountdnga were insufficient for the proper protection 
of the boiler. 



BOILEE EXPLOSIONS DJ 1868. 
No. 8. Dwrhain. (Fig. 5.) January 29th. 1 kilUd, 3 ityartd. 




I'ig. 6. 

Plain Cylinder Boiler with hemiepherical endB, 30ft. long and 6ft. 
diameter, § inch plates, 30 lbs. It was the second from the eogine 
in a bed of five, and had been at work three years, then remained 
idle for eight years, working again fonrteen years. The boiler was 
mounted with two safety valves 33 and 4 inches diameter, a float 
and alarm whistle. The boiler had been more than once repaired 
over the fire with several new plates. One seam over the fire had 
been observed to leak abont a week before the explowon, but not 
serionsly, and had been canlked. The boiler had jnst been started 
after cleaning. 8ix months before explosion, the boiler had been 
tested to 69 lbs. 

About 5 feet of the front end of the hoiler opened out flat, and 
was thrown to the rear about 60 yards ; the Iront hemispherical end 
was liberated and thrown 20 yards also to the rear and right hand. 
The back part of the boiler was thrown in a mass, and after 
bonnding twice, lodged at a distance of 230 yards. 

The cause of the explosion appeared to be from the Mure of a 
■earn over the fire place in a plate deteriorated by age, and over- 
heated thiongh a deposit of scarf and mod. 



BOILEK EXPLOSIONS IM 18«B. 
Birmingham. {I^. 6.) February lih. 1 ktBed, 4 itijurtd. 




Plain C7lmdrica1 Boiler, with hemispherical ends, 33ft. long, and 
5ft. diameter, f inch plates, 50 Iba. It was set so as to be fired 
under the bottom if reqnired, bat the grat« was seldom used. The 
principal beat was supplied from a mill famace, the neck of which 
was at the left hand of the back, and the flame was carried by a 
wheel flue round the front of the boiler to the stack on the right 
hand side of the bach. The boiler was fitted with a 4j-uich safety 
valve, and also a fioat, bnt it was Bospected that the latter had 
broken from the rod. 

A horizontal seam about the middle of the left band side had 
given way, and the upper portion of the 3rd and 4th rings of plates 
had spread out like a lid without being detached from the boiler. 
The front end became detached and was thrown some distance to 
the front. 

The cause of e:iplosion was, that the left side of the boiler became 
overheated, and so much solteoed, that it first bulged outwards with 
the ordinary working pressure, and then rent open. The over-heating 
was most likely the result of shortness of water, but it might possibly 
have been in consequence of the intense heat of a mill furnace 
impin^g on a small area so near, the wat«r line, leading to such 
rapd ebullition as to prevent sufficient contact of the water to keep. 
the plates cool. 



BOILEB EXPLOSIONS IN 18M. 
So. 10. Dunst. February 14th. 1 injurtd. 

Locomotive. It exploded while standing in a shed, bat no 
particnlais have been obtained. 

So. 11. MiddkOtro'. Fehruary 26(A. 1 iigttred. 

Ifarine, in a small tug boat, hat no details have been obtfuned. 

No. 12. Qmmhro' {F^. 7} February 26fA. 1 it^»d. 

Fig. 7. 

One Tabe Cornish, 21ft. long, 5ft. diameter, with one tabe 
2ft. llin. diameter, plates f inch, 64 lbs. There were no strength- 
ening rings on the tube. The boiler was second-hand, and had only 
worked a part of a day at its new position when it exploded. 

The tube collapsed &om weakness withont strengthening rings. . 

No. 13. JUdruth. {Fig. 8.) March Zrd. 1 iUSM. 




J^. 8. 

One Tube Cornish, Sift. 9in. long, and Sft. 9ia. diameter, tnbe 
3ft. 8in. diameter, f inch plates, 40 lbs. 

The tabe had been repaired with a bolted patch on the left aide 
the day before the explosion, and it is presumed it was slightly out 
of the circulur shape, as it collupsed sideways, the top being throwi^ 
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op above its proper height. There waa no evidence of Bbortness 
of vrater. 

The tube without etrengthening rings vas too weak to saetain 
the ordinary working pressure. 

Ifo. H. London. March Sth. 7 A^ptred. 

Comiali, at 27 lbs., but as the boiler was not injured, it is only 
noticed as an explosion, becaase of the imprudence of placing 
fittings in such dangerous positions. The boiler was beneath a work 
room, and the lever of the safety valve became displaced, allowing 
the valve to blow out, and the escupbg steam rushed into the room 
above and scalded seven men very badly. 

JVb. 15. Xaneheiter. Starch 6th, 1 HBtA 

This was a Boiler with two internal fireplaces, connected intn one 
flue at the back. 

The crowns of both fomaces were collapsed, and slightly rent, 
and the escaping steam and water scalded the attendant. 

The water was 8 or 9 inches below its proper level, allowing the 
furnace crowns to become overheated and unable to bear the 
vorkiDg pressure. 

Each furnace had been fitted with a fusible plug, but they 
proved inefficient 

Kb. 16. Norwich. {Fig. 9.) llareh IZth. I lolled, 1 ii^urtd. 




This vas a very small boiler, Bit. long, and 3ft. S^in. diameter, 
with two small tubes. It was fired exteinaUy. 
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' Tlie dome was blown off and the rents continuing, the top opened 

out on each side, and the upper portion of hoth back and firont 
was bent back. 

The dome cut away the whole of the top plate, and so much 
reduced the strength that it would not bear the ordinary working 
pressure. 



ITo. 17. Ihtdleg. {M/. 10.) March 19th. none injurtd. 




Plain Cylinder Boiler, 36ft. loDg, 5ft. 6in. diameter, 60 lbs. 
It had frequently been repaired over the fire, bo that the longitudinal 
seems ran for several plates without break of joint. A patch 
had been put on a few days before explosion, and as the rivet holes 
had badly fitted, there had been much strain caused by drifting, 
and the rivets were much distorted. 

A longitudinal seam gave way over the fire, when two rings of 
plates opened out, rending the transverse seams at each side until 
completely separated, and fell in two parts at a distance of about 
100 yards in &ont of the boiler The front end was liberated and 
fell in one piece about 100 yards beyond the two pieces of the shell. 
The main body of the boiler was driven back a few yards and 
rolled over so as to be up-sido down, but was little injured. 

The frequent and badly executed repair over the fiieplace, had 
80 weakened the structure as to make it unable to bear the very 
high ordinary pressure. This frequent repair over the fireplace 
had been made necessary by very hard firing and deposits of scurf 
firom muddy water, preventing the proper contact of the water with 
ttie plates. 



BOILEE EXPLOSIO^TS m 1866. 

JVo. 18. Liverpool March 22nd. 1 MBed. 

This was a. Bmall Boiler to supply steam for some Bbetaa -winoliee 
on board a steam boat, and exploded from the overheating of the 
upper tubes through Bhortness of water, or from over pressure in 
conaequenoe of having only one safety valve. 



ffb. 19. Leedi. {Fiff.n.) March 21th. 2 kilhd, 18 itgar»d. 




Fig. 11. 

Two Tube Cornish, 24ft. 6in. long, 6ft. ein. diameter, tubes 
2ft. ein. diameter, % inch plates, 54 lbs,, fitted with steam gnage, 
blow-off cock, li inch dead weight safety valve, loaded to 54 lbs., 
and 4} inch lever safety valve, loaded to 62 lbs., and bad been at 
work about five years. 

Ifearly the whole of the two back lings of the shell were torn off 
and opened out, and the boiler waa turned partly round, and moved 
upon its seat sideways and forwards. 

There was extensive corrosion at the under side of the back of 
fihell, where the first rent took place, caused by the leaking of Hie 
joints and seams. 

Ab. 20. Saaruea. {Fig. 12.) Ajtnl 4th. 6 kilkd, i iijfund. 

One Tube Cornish Boiler, 30ft. long, and 7ft. diameter, tube 
aligbtly oval about 4ft. diameter, -^ inch plates, 43 Iba., £tt«d with 
3i inch safety valve, which is much too small for such a boiler, 
glass water guage, two guage cocks, and pressure gnage. 



BOILEB EZFLOStONS m 1S6«. 

The tube ooUapaed from end to end. The front end wBa bloim 

out with a, short leng;tb of the tube attached, and was drivea against 



J^. 12. 

a wall abont 30 yards to the &ont. The main body of the shell, 
and the back end, with the collapsed tube within it, were driven 
back against another wall, abont the same distance away. Very 
great damage was done to the surrounding property. 

The canse of the esplosion was the weakness of the tnbe of bo 
large a diameter, without strengthening rings, which made it nnable 
to bear the ordinary working pressure. It is very probable, 
however, that at the time of the explosion, the pressure was con- 
siderably niore than usual during the stoppage of the engine, and 
file confosion caused by a man becoming entangled in the machinery. 



No. 21. Morpeth. April 10th. I killed. 

Plain Cylinder Boiler, 34ft. long, and 5ft. diameter, f inch plat«s 
placed lengthways, 33 lbs. 

The explosion took place at a seam in the front part of the bottom 
of the boiler just over the fire. This rupture allowed the sides to 
to expand, nntil the boiler was completely destroyed and torn into 
seven pieces. 

The cause of the explotdon was supposed to be the defective state 
of the seams over the fire, which, being place longitudinally, were 
is the veakest position. 



20ILEB EXPLOBIONB IN 1866. 
So. 22. Shiptal (J^. 13.) April 2Ui. 




lis. 13. 

Two Tnbe Cornish, 15ft. long, 6ft. diameter, tubes 1ft. Sin. 
diameter, # inch plates, 40 lbs. The heat -waa aupplied by two 
furnaces, one of which played into each tube. 

The left hand tube collapsed from shortness of water, and tore 
away from the angle iron iu the front plate, and allowed the 
contents to issue violently and scatter the brickwork, but the boiler 
was not disturbed. 

2fo. 23. Burnley. April 26fA. 2 killed, 2 injured. 

Small internally fired Boiler, 5ft. high, 2ft. 4in. diameter, and 
was intended to work at 70 lbs. The fittings were defective, the 
spiral spring of the safety valve being most easily altered, so as to 
cause over pressure. The manhole was not strengthened by any 
ring, and the first rents commenced at that point. 

The cause of the explosion was over pressure and defective 
constmction. 

The sketch at ISo. 57 explosion in this year, is of a similar boiler 
which exploded from nearly similar causes. 

No. 24. Silttcn. (Fig. 14.) May 13(A. none injured. 

Balloou or Haystack Boiler, about 16ft. dia-neter, .^ inch plates, 
and worked at very little above atoiospheric pressure. 

The boiler was chiefiy used te store water during the time another 
boiler by the side of it was emptied. "When the water was required 
to re611 the other boiler, a fire was ligbted under the balloon, and 
sufficient steam generated to drive the water from it into the other 
boiler. The safety valve never being used, it had become fast, and 
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u a litUe more steam tiian asual had accumulated, the bottom gare 




Fig. 14. 
way, and the reaction of the issuing contents made the boiler rise 
from its seat, and it fell on its side at some distance away flattened 
by the faU. 



No. 25. Weatbromwkh. {lig. 15.) May 25(A. 



none injurid. 




Fig. 15. 
One Tnbe Cornish Boiler, 15ft. long, and 4ft. 6iii. diameter, taper 
tube, Sft. 9in. diameter in front, and 2ft. diameter at back, f inch 
plates, 40 lbs. The boiler rested on two walls forming the bottom 
flne. There was a safety valve, a glass water guage, a pressnre 
gnage, and two fusible plugs upon the tube. 

. Two longitudinal rente took place on the nnder side of the shell, 
allowing two strips, forming the central part, to open ont by the 
etmtinnation of tito fraotnie, until they were blown to a ooniiderabla 
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distance. The tube with the front end, and one ring of the sheU 
were thrown to the front, while the back end was thrown to the 
rear, the smallest end of the tube having torn away from the hack. 
The shell was deeply corroded where it rested on the side walls 
of the bottom flue, and the strength of the boiler was thereby so 
muoh reduced, that it was unable to bear the ordinary working 
pressure. 

JVo. 26. Halifax. {Fig. 16.) May 26tA. 1 kOed. 




Fig. 18. 

One Tube Cornish, 24ft. 6in. long, and 5ft. diameter, taper tube, 
slightly oval in the front, 2ft, Bin. diameter, and 2ft. diameter at 
the back, f inch plates. The boiler was fitted with glass water 
guage, float, self-acting feed apparatus, and safety valve loaded to 
52 lbs., and also a mercury guage. 

The tube collapsed over the fire, a rent taking place in the second 
ring of plates. The issuing steam and water caused the death of a 
man in front, but the shell of the boiler was not injured or moved. 

The cause of the explosion was shortness of water, and as the 
glass guage was set unusually low, the man in charge may have 
been deceived. The oval shape of the fireplace, and the laminated 
iron, as shown in the fracture, rendered the tube peculiarly liable 
to collapse. 

So. 27. Durham. May 26<A. 1 JtOtd. 

Plain Cylinder Boiler, 34ft. long, 5ft. diameter, f inch plates, 
45 lbs., fitted with two 5-inch safety valves, and 2 fioats. 

The boiler was torn in two pieces, that were thrown to a con- 
siderable distance. The first rent had taken place immediately 
over the fire. 



BOILER EXPLOSIONS IK 1866. 

The cause of the explosion was the weakening of the shell by 
freqnent repair over the fire, rendered necessary by the deposit from 
the muddy water preventing proper contact of the water with 
the plates. 

No. 28. Durham. May 21th. 1 Mled. 

Plain Cylinder Boiler, 32fk. long, 6ft. diameter, f inch plates, 
85 lbs., fitted with two safety valves, two floats, and two alarm 
whistles. 

The boiler was lifted from its seat, and one end was separated 
and thrown to a considerable distance. 

The cause of the explosion was weakening of the shell from 
repair a few days before, and perhaps over pressure, as the guage 
was found some time after, and indicated that the pressure had at 
some time exceeded 80 lbs. 

No. 29. Eedruth. May 2^th. 1 kiUed, 4 injured. 

One Tube Cornish, 30ft. Sin. long, 6ft. Sin. diameter, tube, 4ft. 
diameter, ^^ inch plates, 40 lbs. 

The tube collapsed, and rent, and the issuing steam and water 
scalded those near, as it was too weak to bear the ordinary 
working pressure. 

No. 30. Leicester. . {Ifig. 17.) May Zlst. 1 kiUed, 1 injured. 




Fig. 17. 

Plain Cylinder Boiler, with dished ends, and only 4ft. 2in. long, 
and 2ft. 6in. diameter, \ inch plates. It was most inefilciently 
mounted, the safety valve was only IJ-inch diameter, and of such 
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fonlty constraotion, that it would not open under a preaanro of 
I62'lbB. There was no steam gaage or float, and the guage oocks 
wore defectiTo. There was no means of putting water in the boiler 
when there was a pressure of ateam. The manhole was very large 
for so small a boiler. 

Fonr rents started from the manhole and continued along the top 
of the boiler and round the end seams. A tongue-shaped strip of 
the top plate was attached to the back end plate ; two strips about 
a foot wide on either aide were blown away. The boiler had been 
tamed nearly round in its flight, and fell witli the back about 
12 feet from the original position of tiie front. 

The boiler was worked until it was nearly dry, and, during a 
temporary stoppage of the engine, an accumulation of steam caused 
a greater pressure tiian the boiler could bear. 

Ko. 31, Keuicastte. Jane ^lh. mme injured. 

If arine Boiler in a Tug Boat. 

The boiler was blown completely out of the vessel, and the 
greater part of it fell into the water, and a large piece alighted on 
a crowded quay, but without doing any damage. 

The cause of tho explosion was supposed to be ( 
dnting a temporary stoppage of the engine. 



1^0. 32. Barnard Castle. (7^. 18.) Jane Uth. 2 injured. 




F^. 18. 
Agricnltaral, c^ about 7 horse power. The barrel of the boilw 
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was 6ft. lin. long, 2fk. 5iii. diameter the fire-box end was 3ft. 
wide, and 2ft. 4in. deep ; the fire-box was 2ft. 5 Jin. wide, and 
2ft. 7in. high, and 1ft. 9 Jin. deep, with 23 tubes passing from it 
through the barrel to the smoke box and chimney. The boiler was 
fitted with a 2in. safety valve, which was intended to blow at 45 lbs., 
but as there was no ferrule, it is supposed to have been screwed 
down to a much greater pressure. 

The upper portion of the shell over the fire-box rent through the 
manhole, and allowed the shell to open out and fall on each side. 
A large portion of the front plate was also torn off. 

The cause of the explosion was the weakness of the manhole, 
which was not strengthened by any ring, and also excessive pressure 
from want of proper safety valve. 

No. 33. Breage, June Wth, 1 killed. 

Cornish Boiler, 36ft 6in. long, and 6ft. diameter, f inch 
plates, 45 lbs. 

The tube collapsed and rent, and the issuing contents caused the 
death of the attendant. 

The weak tube of such large diameter, was unable to bear the 
ordinary working pressure, having no strengthening rings. 

No. 34. Nottingham. June \9th. 2 killed^ 4 injured. 

Locomotive, J inch plates, 140 lbs. 

The explosion occurred at the left hand side of the ring of plates 
in the barrel next the fire-box, and below the foot-plate. The rent 
tore along the edge of the lap and into the next ring of plates. 
The reaction of the issuing contents threw the engine off the rails. 

The cause of the explosion was partial corrosion at the point of 
rupture and strain of the plates, as the boiler itself formed part of 
the frame of the engine. 

No. 35. Richmond. June 2Qth. 2 injured. 

Locomotive, being tried for the first time. The funnel came in 
contact with a bridge, and the dome waJs also torn off. 
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No. 36. Oainshro' June 29th. none injured. 

1^0 details have been obtained. 

No. 37. Durham. July 2nd. 4 kiUed. 

Plain Cylindrical Boiler, 30fk. long, and 6fk. diameter, f inch 
plates, 28 lbs. It bad been repaired a short time before the 
explosion, with 5 new plates. 

The boiler was torn up into several pieces, but the main portion 
remained flattened out on the seating, while some smaller pieces 
were sent 250 yards away. 

The cause of the explosion was the deterioration of the boiler, 
and its frequent repedr oyer the fireplace. 

No. 38. Liverpool, June \2th. 4 injured. 

Elephant Boiler, 20fk. long, and 4fb. diameter, g inch plates, and 
worked at low pressure. The bottom shell had a tube through its 
whole length. 

A rent took place in the lower part of the fireplace, and extended 
along the bottom, and the reaction of the issuing contents caused 
the top to rear up. 

The cause of the explosion was supposed to be that the bottom 
plates were worn too thin to bear the ordinary pressure. 

No. 39. Sheffield. July ^th. none injured. 

Two Tube Cornish Boiler, externally fired, SOffc. long, and 6ft. 
diameter, g inch plates, 40 lbs. 

The second seam over the fire gave way, and the plate sank down 
upon the fire. 

The cause of the explosion was the deterioration of the seams 
over the fire, in consequence of the deposit of scurf which could 
not be properly cleared off owing to the internal tubes. 

No. 40. Oldham. July 14th, none injured. 

Boiler, with two internal furnaces, Oft. 6in. long, and 2ft. llin. 
diameter, g incb plates, onitmg into one tube beyond. 
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The friniace crown coll&psed near the front of the Ixnler. 

There was an estra weight upon the safety valve, and the 'steam 
Tolve was left closed, so that more pressure accumulated than the 
boiler could bear. 

No. 41. Oxford. Jidy 23ri. 3 injured. 

Bag Boiler, not used for the generation of ateam. It was a plain 
cylinder, with hemispherical ends, about 16it. long, and 7ft. diameter. 
There was a neck at each end npon which the boiler revolved, and 
through one of these the steam was admitted to a pressure of 30 lbs., 
in order to assist in cleaning the rags. There was a large manhole 
for fillbg and emptying. 

The boiler rent in the middle, and each half was blown to 
Bome distance. 

The manhole was so large, that, the strength of the boiler was too 
much reduced, and the constant strain of revolving caused a central 
seam to give way at the ordinary pressure. 

The sketch to Ho. 63 is of a similar boiler. 



So. 42. Tunttaa. [Fig. 19.) July 




«»•»»»'• 



Boiler, 36ft. 6in. long, and 8ft. 9in. diameter, ^^ inch plates, with 
flat back and hemispherical front end, 36 lbs. A tube 3fl. Sin. 
diameter, passed from the back end nearly to the front, and returned 
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to the baofc end, but of 6 inches less diameter and tben pueed to an 
iron chimney. The fire grate was beneath the hemispherical end. 

The angle iron of the flat back end gave way, and separated from 
the ehell and with the tubes attached was blown to a good distance, 
and the reaction drove the shell far in the opposite direction. 

The canse of the explosion was the bad construction of the boiler, 
aa the back end was quite unsupported, as there were no stays, and 
the hend of the tubes was not attached to the shell. 

An adjoining boiler which was being cleaned inside by two ineDf 
was rolled off its seat by the force of the explosion. 

No. 43. Widnet. August 2nd. 2 kilied, 6 injured. 

Tlain Cylindrical Boiler, with flat ends, 23ft. long, 5ft. Sin. 
diameter, § inch plates, 40 lbs. 

Both the flat ends were blown out, and the first ring of plates at 
the front end torn o£F. 

The cause of the explosion was the weakness of the flat ends 
without stays. 

No. 44. Sunderland. August Ith. 1 killed, 3 tt^ured. 

Locomotive, 13ft. 4in. long, 3ft. llin. diameter, with 140 2-in. 
tubes. The fire-box was 4ft. 5in. long, 3ft. Gin. broad, and 5ft. deep, 
and made of copper, i Inch thick, 100 lbs. It was fitted with two 
4-in. safety valves, and a steam guage. 

The fire-box gave way about the middle of the left side, 2ft. 6in. 
below the water line, where corroded to J inch, and the issuing water 
and steam scalded those near. 



No. 4S. Smieom. {F^. 20.) August 22nd. 3 UtUd, S uvwtd. 




BOILEB EXPLOBIOirS m 18W. 

Marine Mnltjtabnlar, 5ft, Sin. long, and 6ft. fiin. diameter, with 
two internal tubular furnaces, which joined to an internal chamber 
of large size, and small tubes passed to a smoke box and chimney in 
the front over the fire doors. Both ends were flat. 

The flat back end was insafficieotly stayed, and was blown 
completely out and torn into two pieces, the lower portion remaining 
in the vessel, and the upper part falling in the water, and the 
reaction of the isEuing conteats cansed the boiler to be thrown on to 
the side of the quay. 

No. 46. SvU. {Fig. 21.) Augmt 25(A. 1 inured. 




One Tnbe Cornish, 24ft. 3in. long, and 6ft. diameter, taper tnbe 
3fl. Sin. diameter, for about 7ft. 6in. in length, and 2ft. 6in. diameter 
for the rest of the length, 33 lbs. 

The tnbe waa much corroded, and the fireplace gave way on left 
aide, and was so much torn, that the plates were forced out of 
the front. 

No. 47. Morecombe. Augusl 27th. 3 laUed, 1 a^ured. 

Marine, of the usual construction, and had been tested to 60 lbs. 

It gave way at the lower portion of the back, and the issuing 
Bteam and water scalded those near. 

A seam rent, 6ft. Sin. long, had not been detected by testing, 

No. 48. Tuddenham. Augtut 2Bth. 2 killtd, 2 injured. 

Agricultural. It burst during a temporary stoppage from accumu- 
lation of Bteam, causing undue pressure. 



So. 49. Ola^fow. Augtitt Zlst. 3 kOhd, 6 mjwnd. 

Upright Boiler, 36ft. bigh, 5ft. 6iD. diameter, -^ mob. plates, 
45 lbs. 

The bottom gave way from shortness of water, and the main bulk 
of the boiler w&s thrown straight up into the air to a great height, 
bnt descended again on its seating. 

Bo. SO. Chatham. [Fig. 22.) September 7th. 2 kHhd, 30 ttvurwi. 




Two Tubs Cornish, 22^. long, 7ft. 6iD. diameter, with tnbes, 
}ft. diameter, -^g inch plate, 60 lbs. 
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Some Ttmia took place at tho under side of the shell, allowiag the 
xjentral portion to open out and blow away. The poTtion oontaining 
the dome was thrown to tiie left, and the other to the right. The 
front end, with 3 rings of the shell, with the tabes and back end, 
were but little moved from their original position. The tubes were 
dented in on the top and bottom, by the Ml of some large coping 
stones upon them, but the crowns of the furnaces were uniiynred, 
and there was no sign of shortness of water or overheating. 

EztenBiTe corrosion on the under side of the shell, where it rested 
on the brickwork, bad so reduced the strength, tiiat it was unable 
to bear the working pressure. 

In the sketch the fragments are drawn so as to show their position 
when in the boiler. 

No. 91. Xtwark. September 2Ut. none iifftired. 

One tube Cornish. The tnbe collapsed ftom shortness of water^ 
.and the escape of the steam and water blew off the door frame. 

Jfo, 52. Ashton. SepteTrtber 23rd. 1 injured. 

Plain Cylindrical Boiler, 7ft. long, and 2ft. diameter, f inch plates, 
30 lbs. 

The upper part of the boiler at the first ring of plates was torn 
'0£^ and the front end was blown out. 

ExtenMve external corrosion, where the plates rested against the 
brickwork, rendered the boiler too wea^ to bear the ordinary 
pressure. 



No. 53. Norwkh. {Fig. 23.) S^tember 25th. 7 btUed. 




Fiff. 23. 
One Tube Cornish, 20ft. long, 4ft. 6in. diameter, tube 2ft. Bin. 
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diameter, f inch plates, 100 lbs. It was donble-riyetted, and the 
crown of tube was strengthened with angle iron. The shell was 
formed of six rings, each of two plates alternately jointed top and 
sides. The third ring &om the front had stripped off, and was 
thrown to the right and forwards against a waU. The line of rent 
was confined to the plates forming the ring, which was an outer 
one, and covered the two adjoining rings in the laps, the rent being 
from the edge of the inner lap to the nearest rivets. The first rent 
had taken place in the solid iron, about 1 inch from the rivets of a 
seam on one side, and from this the rent had extended along the 
seams on either side, and of course the whole ring soon tore off when 
the equilibrium was destroyed by the first rent. 

The fittings of the boiler were sufficient, except that there was 
only one safety valve, and that was so constructed that it could 
only open a very little way. 

The cause was a defect in the iron at the point of the first rent, 
and accumulated pressure during the time of standing. 

No, 54. Macclesfield, September 25th, none injured* 

Multitubular Boiler, with large internal fireplace, 60 lbs. 

The furnace crown became overheated from shortness of water, 
and was crushed down and torn across two seams. The boiler was 
lifted from its seat and thrown back against a stone wall. 

No, 55. Chelmtford, October 5th. 1 killed, 7 injured. 

Agricultural, 45 lbs., and had only just been set to work. 
The crown plate to the fire-box was so deeply corroded from long 
wear that it gave way, and the issuing contents scalded those near. 

No, 56. Greemoich, {Fig, 24.) October ^th, 2 killed, 2 injured. 

Marine, 16ft. long, slightly oval, front end fiat, 8ft. 6in. wide, 
7ft. lOin. high, and the dimensions of the back hemispherical end 
were 2ft. less each way, f inch plates, 26 lbs. There were two 
internal fireplaces, of irregular shape, uniting at the back into one 
fine of similar shape, which did not come to the front, but passed 
through the steam space, and out at the top of the boilw. 
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"Wliile the TSBBel was waitmg to Btart, with steam up, the iring 
fanuwe «f the Btarboard boiler collapsed oa the wing side, as showK 




Fig. 24. 
by tlie dotted lines, and allowed &e steam and water to escape into 
the stoke hole. 

The aide of 13ie fumace next the shell was rent along the edge of 
a loi^itiidintd seam in a line, which vras slightly nicked in the 
caulking. This rent extended abont 511. Gin. from the front, and 
then at a cross seam it went along the line of rivets &om the crown 
to the bottom of the liimace. Beyond this cross seam Hie :^mace 
was collapsed, until it nearly touched the other side of the furnace, 
and tlie bulge died away towards the back end. There was also a 
rent in the lower part of the front of the shell, as diown in 
dotted line. 

The cause of the explosion was Hie weakness of the shape of the 
floe, which was not stayed to the shell. It had evidently gradually 
been giving way some time before the explosion, and eventually 
coUapsed at nearly tbe ordinary pressure. Symptoms of the same 
alteration of shape were noticed in the oorresponding floe ot the 
other boiler. 

No. 87. Ziverpoel. (%. 25.) October 9th. 7 JtiSerf, 1 infured. 

Crane Boiler, 5ft. 6in. high, and 2ft 6in. diameter, with internal 
conical Are -box, with two cross tubes and a chimney at the top, 
i inch plates, 75 lbs. 

The outer shell of the boiler was rent into many pieces, leaving 
the central conical fireplace intact. The nature of the rents showed 
that the plats round the manhole, which was unatieiLgthened by a 
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rmg, Iiad first given way, and all the other fractures had led away 
from that point. Thie ia confirmed by the fact, that the manlid 



I 



Hg. 25. 
was thrown a good dietance, with force enoagh ta make its way 
through the timber walls of a cabin. The &out plat« divided into 
many pieces, and scattered right and left, while the back plate was 
thrown throogh a cabin in the opposite direction to the manhole. 

The central flue showed a. slight indication of overheating, but 
the construction was such that the upper portion passed through the 
steam space, snd was always exposed to the action of the fire, 
vithont the proteotiou of the contact of water. The manhole 
wltiiout a ring on its edge to strengthen the plate, and held in by 
two clamps, which caused additional strain when carelessly screwed 
up, was by far the weakest place. The engine was standing after 
a short time of working, and as the safety valve was very defective, 
and could be screwed down until tight, against almost any pressure, 
it is most probable that the pressure mounted much higher than 
usual, when the weakest part gave way, and led to the sudden 
tearing up and scattering of the whole fabiio. 

Faulty construction of both boiler and fittings, rendered it unable 
to bear that accumulated pressure, which the safety valve ought to 
have made impossible. 

m. 68. i>i»-A<im. Odoher 13tA. 1 kOUd. 

One Tube Cornish, I4ft. long, 6ft. diameter, internal flue 3ft. 3in., 
by 2ft. lOin., | inch plates, 27 lbs., standing on tiiree saddles, with 
ft bearing surface of 3ft. by 4 inches. 



BOILEK EXPLOSIONS m 1866. 

&. portion of plate 20in. by ISin., at tlie bottom of the boiler, 
WOB so corroded that it vaa blovn out, and the issuing oontento 
scalded a man k> death. 

No. 59. Briifol. {I\g. 26.) November U(. 7 kilkd. 




Fig. 26. 

Two Marine Boilers exploded simultaneously. They were 1 6ft. 
long, 6ft. 6iu. diameter at the flat iront ends, and somewhat leas at 
the hemispherical back ends. Each had two internal fireplaces, 
united in one £ue, which returned nearly to the front and passed up 
through the steam space, and out at the top of shell into the fonnel. 
The central flreplaees were not circular, aad the outside fireplaces 
and the return flues were still more distorted, but the weakness of 
the shape was somewhat compensated for by stays between the 
tubes, and &om the tabes to the shell. The monntingB to the boiler 
w«K of the (vdinaiy kind and efficient. 

The under sides of the shells were eo deeply corroded that they 
were rent longitudinally for thoir whole length, allowing the sides 
to open out and tear away irom the front ends. Each shell fell at 
a oonsidetable distance. The furnaces, with parts of the front ends 
attached, fell into the water, but except one of the side flues that 
was a little collapsed, they were uninjured. Small pieces of the 
front ends were thrown to a great distance. The sides of the yessel 
were so G«npletely blown ont that she sank. 
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The corroBioii vaa no doabt caused by the leakage of the Teasel, 
keeping the shells of the boilers eonstantly wet. 



No. 60. London. {Fig. 27.) November 3rrf. 




liff. 27. 

Agricultural, barrel was 3ft. 9in. long, and 2ft. 6in. diameter^ 
70 lbs. f torn the internal fire-box tlie heat passed throngh a 
number of 1-inch tubes to the front smoke boi and ohininey. 

During a stoppage for breakJast, the fire-box end was torn from 
tbe barrel, and from the positian of those fragmento that could be 
found, the boiler appeared to have tamed over. Fart of the fire-box 
was sent thtongh the stage upon which the boiler was travelling 
and the barrel with the tubes remaining in it, firat struck a rail 
which cansed it t« be dented in, and then rebounded to a poiitt 
about 100 yards from its original position. 

Enough of the fragments were not recovered frvm the river tO' 
trace the cause of the explosion, but it is presumed that, although 
when the boiler was left, only 20 lbs. pressure was shown by the 
guage ; the fire door being left closed, the pressure must have risen 
to a point much above the working pressuie, and to more than the 
boiler could bear. 



No. 61. Silttort. {fig. 28.) OcU^er let. none irgtutd. 

One Tube Cornish, 22ft. long, 6fL diameter, tube 4ft. 6in. 
diameter, f inch plates, 1 2 lbs. There was an unusually lai^ dome 
at the back end^ Sft. diamet«t, and the whole of the shell was cat 
out from under it, bo that the constractlon was peculiarly weaik. 
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The boilflF had been off for deaning, and steam was being got op 
ji the night, and it was said that an extra pressure was oauaed by 




Fig. 28. 

the st^p valve being left closed, bnt it could not have been very 
great, or the large tube would have collapsed. 

The dome was split in two, in the line marked in the eketch, 
owing to the extreme weakness of the sbell at the juncture of the 
dome, and the shell was a little ruptured on each side of it, and so 
large a rent was suddenly made, that the contents of the boiler 
passed haimlessly into the air, without moving the boiler on ite seat. 



No. 62. 



{F^, 29.) NovmJier Uth. 1 kiUei, 1 injured. 




PBONT VIEW. 



BACK VIEW. 



One Tube GorniBb, 16ft. 3in. long, and 5ft. Sin. diameter, tabe 
3ft. lin. diameter, ^ inch plates, 60 lbs. 

The tnbe collapsed &om end to end, &om over-presauie, as the 
man in charge had fastened 3 bricks to the lever of the safety valve 
causing 27 lbs. extra pressure, under the impression that he could 
thns aoonmnlate a quantity of steam during the night, to be available 
on commenciDg work on the n 
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JK). 63. Tamworth. {Fig. 30.) Hovtmber 20th, 



^^L 



Fig. 30, 
BerdTing Steam Chamber, 12ft. 6ia. long, and Sft. diameter, 

12 1b8. 

The manhole was large, to facilitate filling and empt^g, and 
was rectangular and unstrengthened on the edges, and measured 
3ft. 6in. in length, and 1ft. 6in. in width, and the lid fitted on the 
inside and wob held by clamps. 

The boiler was much ont of repair, and a crack shown in sketch, 
feom one corner of the manhole to t^ commencement of the 
hemisphetical end was only temporarily prevented &om leaking by 
a screw-patch, which did not restore the strength. 

The explosion happened when in revolving, the manlid was 
downwards, and the lid was driven nearly through the floor, and 
the shell was rent &om opposite comers of the manhole, and blown 
through the reof. 

The large manhole cut away nearly all the strength on one side, 
and the fastenings of the lid were not contrived to compensate at 
all for the loss of strength. The constant strain when revolving, 
also tended to weaken it. Those two oaiwee together were sufficient 
to account for the explosion, at the usual working pressure of 12 lbs., 
although it is possible that it might have been increased to 35 lbs., 
as that was the pressure in the boiler supplying the eteam, although 
the presBore was regulated by a check valve. 

This eiplodon (and also No. 41 in this year) clearly show that 
a mere vessel of steam not exposed to the fire, or any chance of 
overheating of the plates, can burst and cause very great destruction, 
although there could be no sudden increase of preaswe which is so 
often Bupposed necessary to account for the havoc caused by 
explosions. 
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No. 64, Matwhtster. Navember 26th. tumt injured. 

This Boiler was 28ft. long, 7fl. diameter, made of -^ incb plates, 
and worked at 50 Iba. pressure, with two internal fiiieplaces united 
into one tabe beyond. 

The wdes of the oval chamber forming the janetion of fbrnaces 
and tube, crushed inwards, bemg of such a weak shape as to be 
unable to resist the ordinary working pressure. 



Ne. 65. Hull. {Fig. 31.) December Itt. 




Fy. 31. 

Agricultural, 7ft. 6in. long, and 3ft. Sin. diameter, J inch plates, 
35 lbs., fire-box Qft. long, and 2ft lOiu. broad. Two ll^-inch 
tabes led to an internal chamber at the other end of tbe boiler, and 
three S^inoh tabes led back again to an external smoke box and 
chimney fixed OTer the fire door. 

The bottom of the right hand side lower tube was fbrced i:^vardsr 
and rent along to witliin 12 inches of the fire-box. 

The tubes were so corroded from leakage of patches, that they 
were unable to bear the slight increase of pressure during a short 
stoppage. 

No. 66. Olatgoto. Deeember 4tA. 2 hitkd, 6 mjared. 

Two Tube Cornish, 22ft. long, and 7ft. 6in. diameter, tubes 
3ft. diameter, and strengthened with rings in the approved manner. 

The second from the back of the seven rings, was ruptured at the 
bottom and torn off by a rent through the line of rivets on eaoh 
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ride, and the boiler was thrown from its seat, and tsmed eompletelj 
over, BO as to lie in a oontrary direction to what it vas before. 

Extenrive corroBiou, fiom leaking of the Beams beneath the 
brickwork, where hidden &om view, was the oanse of ezploaion. 

»0. 67. WiOet^U. Deeemher 1th. none nffured. 

Plain Cylinder, with hemispherical ends, 9ft. long, Sft. Sin. 



The boiler was rent all along one side, and the reaction of the 
issuing contents caosed it to be thrown some yardB awa^, and one ot 
the ends became altogether detached, and flew to a considerable 



The plates were so thinned by corrosion, that they gave way on 
a very slight increase of pressure during a temporary stoppage of 
the engine. 

No. 68. GlaiffOK. Deeemher I2th. 1 killed, 1 ii^ured. 

This Boiler was 1411. long, with hemispherical ends, and 7ft. 
diameter, 30 lbs. 

The cause of the explosion vaa over-pressoie and thinness of 
plates, wasted by corroBion. 



So. 69. Manchester. {Fig. 32.) December 15(A. 




Jfy. 32. 

Two Tube Cornish, 24ft. long, 6ft. 6in. diameter, tabes m. Sin. 

diameter, -f^ inch plates, 60 lbs. The boiler was fired in each of 

the tubes in the ordinary way, and also the heat irom two tnmaces 

passed from the back, one on each »de c^ the outside shell. 



BOILEB EXPLOSIONS IN 1866. 

Both tbe internal furnaces collapsed, until the crowns almost 
touched the fire bars, as shown in dotted lines, but without fracture.. 
The back of the shell, on the right side, had evidently been over- 
heated, and had rent along the centre of a bulge, and this rent had 
extended along the line of rivets of the 'transverse seam on eack 
side, allowing two rings of the plates of the shell to open out fiat 
as shown. There was a bulge on the plate, on the right side of 
shell, corresponding with the one which parted on the opposite side. 

The cause of the explosion was overheating of the plates from 
shortness of water. 

No. 70. Aberdeen, December 24^A. 1 injured^ 

No particulars have been obtained. 



BOILER EXPLOSIONS IN 1867. 



A small Boiler to heat a batb. It exploded, causing great damage, 
beoanae tbe connecting pipes were frozen. All such boilers Bhonld 
have a proper safety valve. 

No. 2. Durham. {F^. 1.) January 2nd. 3 killed, S injwed. 




^. 1. 



Plain Cylinder, 33ft. long, 6ft. diameter, 33 lbs. pressure. Onlj 
set two days, but was old and deteriorated, and had worked before at 
another place. It had been turned i round, and old fitting-boles 
stopped. First rent was supposed to be in a seam at front end, over 
the fire. Uain portion of shell was driven back, and front end 
forward, and torn iu its flight. Tbe cause of explosion was, that 
tbe seam in ^nt was overheated and injured, and also iucautiouB 
working witbont a steam gnage. 



BOILEB EXPLOSIONS IN 1867. 
No, 3. Sheffield, {lig, 2.) January 2nd. 1 ktUedf 4 injured. 




Fig. 2. 

One Tube exlemally fired, 30ft. long, 6ft. 6in. diameter, with 
dished ends. Tube 2ft. 9in. diameter, slightly oval. Pressure 
60 lbs. Tube collapsed sideways from end to end, because it was 
not strengthened by hoops or other means, which were the more 
needed, because it was slightly oval, and the longitudinal seams were 
nearly in one line. 

No. 4. Preston. Januarf/ Zrd. 1 killed. 

Boiler for heating apparatus. Fire was lighted without noticing 
that as there was no safety valve, and that all escape of steam was 
prevented by the connecting pipes being frozen. 

No. 5, Westerham. January 5th. 1 killed. 

Cast-iron Boiler for heating water for a horse shower bath, fixed 
behind an ordinary fireplace. Burst and caused great damage, owing 
to the pipes being frozen. There was no safety valve. 

No, 6. Barr, January 9th, 1 killed, 3 injured* 

Kitchen Boiler, which burst because the supply pipes were stopped 
by frost, and there was no safety valve. 

No, 7. London. January Wth. 1 killed, 

Cornish, 12ft. long, 4ft. 6in. diameter, tube 2ft. 4in. diameter, 
pressure 40 lbs. Small piece of plate was blown out near the 
bottom, and the boiler was displaced by the reaction of issuing 
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contents. The cause of expIoeioD was extensive external corroaitm 
on tlie lower part. 

No. 8. Preston. January ISth. none it^ured. 

Kitchen Boiler. Borst and did great damage, because pipes were 
frozen preventing escape of steam. There was no safety valve. 

So. 9. Brechin. January 23rd. 1 killed. 

Kitchen Boiler. Fire had been out some days, and the boiler 
burst soon after re-kindliDg it and did much damage, because the 
supply pipes were stopped by frost, and there was no safety valve 
for escape of steam. 

Ifo. 10. Sunderland. {Fig. 3.) January 2&t\. 3 injured. 




Fig. 3. 
Plain Cylinder, 30ft. long, 6ft. 2in. diameter. Pressure 80 to 
35 lbs. Sent into four pieces, which were flattened out and scattered 
«i to other boilers, but are arranged in sketch so as to show their 
original position in the boiler. It had worked a very long time, and 
was overheated and injured along the fractured hne, 

Ko. n. Exeter. {Fig.'i.) January 30lh. U killed, 2 injured. 

Elephant Boiler, 1611. long, 5ft. diameter, tabes 1ft. lOin. diameter, 

45 lbs. [ffeseure. FbX wd blew ont, throwii^g boiler upwards by 



BOILER EXFLOBIONS m 1S«T. 
naction, bat shell and tabea were not injured. The fiat end was 




not Bofficiently stayed, baving only one stay-rod to the centre, tbe 
bolt of which was broken. 

No. 12. Olaigoio. February 6lh. 1 kHhd, i it^ured. 

Small Boiler to 6-horse power engine. Qave way at centre of 
fomaee, and water forced out at both ends, and it was suspected 
that the water waa low. 



m>. 13. Sheffield. {Fiff.5.) February nth. 




Cornish, abont 30ft. long. Tubes 3ft. unstayed. Tube collapsed 
sideways, and was rent from grate bars to end, without injuring front 
plates or shell. It was said to be short of water, but most likely 
the true cause was tbe weakneaa of the tube. 

yb. 14. Mattchetier. February I5th, noneir^urei. 

Two flued, 28fl. long, 6ft. 9in. diameter, slightly oval; plates 

I inch; tube 2ft. Sin. diameter, preeaure 15 lbs. Shell had once 

been externally fired. Sent along the seams which were in one 
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line, and a large piece of Ae plate blew awa^, leaving tubes 
uninjured. The ^aose of exploBion was defective form and worn ont 
state of ahell. 



JTo. 16. Weymotith. (ffy. 6.) March 1 



1 hilled, SA^urtd. 



f^Ai, 



Agricnltnral, 45 Ibfi. preEsure. Fire-box blew o£^ and the ontor 
«hell separated irom it. The cause of explosion was orer-presBure 
from the safety valye being screwed down. 

JVo. 16. Xj/nn. {Fig. T.) March ISA. 6 kiOed, 4 injured 




Agricnltnral, 45 lbs. pressure. Ftre-box and tnbes blew out. 
The cause of explosion was over- pressure, as the safety valre was 
tied down with string. 

JVo. IT. Slac}d)ra««. March 2Zrd. 3 k^d, 1 injwed 

Colliery Boiler, 30 lbs. pressnre. Rent in two while the en^ne 
was standiag, but no details obtained. 



BOILEB EXPLOSIONS IN 186r« 
i^«. 18. Bamaley. {Fig. 8.) March 29^. 2 kOkd, 2 injured. 




Fig.S. 

Small plain Cylinder, with ends nearly flat, 4ft. 7in. long, 2ft. 
4in. diameter, plates ^^ inch. No emptying plug or feed-pipe, and 
only a yery small hand-hole. Front end attached by slight angle 
iron, which gave way, leaving the shell nnmoved. The cause of 
explosion was the internal corrosion of front end owing to very bad 
water being nsed. The plates were reduced to a knife edge in line 
of fracture. 



-ZKb. 19. Cornwall. {Fig. 9.) Jpril 10th. 



1 kUledf 1 if^red. 




Fig. 9. 

Cornish, one tube 32ft. long, 6ft. diameter, tube 3ft. lOin. diameter, 
plates I inch, pressure 25 to 40 lbs. It was 20 years old, but just 
repaired and reset. Furnace tube failed and collapsed from one end 
to the other, except about 4 feet of front, owing to its weaknesS| 
being unstrengthened by hoops or cross tubes. 



No. 20. Belfast. {Fig. 10.) A^ 20th. 



1 killed, 2 injured. 




Fig. 10. 

Plain Cylinder, 6ft. long, 2ft. 5in. diameter, plates ^ inch, pressure 
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90 lbs. The end blew tmf from excessiTe pressore, u the escape 
from the safety valve was prevented by a ping in the exit pipe. 

210.21. Strmmgham. (^. U.) May 9th. iityured. 



^' 



lig. 11. 
P1^ Cylinder, 3ft. 2in. long, lit. Sin. diameter, plat^ ^ inch, 
pressnre 30 lbs. Workmanship and material very inferior. Piece 
of top ripped out from manhole and allowed manlid to blow oat 
through manhole. The canae of the explosion was, the large 
manhole and over-preBsnre. The safety valve was too small, and 
very roagUy made. 



m. 22. SarOepool. (Fig. 12.) May IffiS. 



1 IdBed, 1 injured. 




Locomotive, 130 lbs. pressore. Barrel blown away and broken to 
ineces, leaving fire and smoke boxes. The cause of explosion was 
Bupposed to be the str^ on the boiler caused by its being made a 
Btay to the frame without allowance for expansion, and thereby 
weakening a horizontal seam. 



m. 23. yemirk. (J^. 13.) May ISth. 




i injured. 



BOILSB EXPLOSIONS IN 1S«7. 

Gornish, one tabe 20il. 6in. long, Sil. l^in. diameter, tnbe 3ft. 
diAmeter, plates g inch, pressure 64 Iba. Tha endg came out and 
tnbe collapsed for ito full length, every joint being broken. Tha 
caose of explosion waa bad constmctien and workmanship:, and tnbe 
too weak for pressure. 



So. 21. ZbiRUwfi. {I^. 14.) June Uh. 



tkaud. 




Two tnbe, eztemally fired, 30it. long, 7ft. diameter, tubes 2ft. lin. 
£amet«r, pressure 50 lbs. Two plates lately pnt in Bottom gare 
■waiS, and shell rent along bottom and opened ont, dividing into 



boheb explobioks m iser. 

sereral pieces, wbich were scattered to great distances, but are 
airaaged in sketch so as to shon their origiDal position. The cause 
of explosion was too freqnent reptur over the fireplace, and external 
firing. 



No. 2S. Sudhy. [Fig. IS.) July 10th. 



1 kiBfd, 2 w^ed. 




Ftg V 
Balloon, 22ft diameter, pressure 5 lbs. Bottom blew oat and 
was torn in pieces. Main portion of shell fell over on to another 
boiler. The canse of explosion was deep corrosion along the bottom 
where it rested on the brickworh. 



No. 26. BaOey. {Fig. 16.) July llrt. 




k3]ed, 3 ity'urtd. 



BAILEE EXPLO6I0HB DC 18*7. 

One tabe Ctnuuh, 26ft. long, Sft. lO^m. dkmetor, tube 5ft. 
diaraeter, for 8ft. 6in. of front end, tapering to 4ft. diameter at back, 
preBSore 30 Iba. Rent along bottom, allowing central ring of plates 
to open ont. Tbe wbole boiler was thrown Bome distance by the 
reaction of iBsiiiug contents. The cause of explosion was corrosion 
at mid-feather wall, the plates beiag little thicker than paper. 



yo. 27. Sotherham. (I^. 17.) Jub, IZth. 




fif. 17. 
Two tube Cornish, 31ft. long, 7ft. diameter, tube 2ft. 7iQ., tapering 
to 2ft.i pressnre 55 lbs. Left hand tnbe collapsed, and abont the 
centre of collapse, plate was torn in two pieces from seam to seam. 
The cause of explosion was overheating, becanse the water was 
b^g let low before all the fire was ont. 

Ifb. 28. SUtoa. {lig. 18.) 7uA/ 24fA, 1 wjured. 



iS 



Locomotive. Side-plate in the npper part of high top fire-box 
blew away. The cause of explosion was most likely tte boiler bong 
made the frame of the engine withont allowance fbt expanoon. 

So. 29. Eccle^ld. Augwt 5th. 1 kHhd, 2 mptred. 

Fall particulars were not obtained, but the steam and hot water 
were allowed to come in from a neighbonring boiler throngh tiw 
blow-oS pipe while the men were cleaning. 



BOILBB EXFLOSIONB IN IBS?. 
S». 30. Be^M. (F^. 19.) AuguH 21th. 7 MIed, S ^ji 




Mff. 19. 
Comiah, ISil. long, 4ft. 9in. diameter, tube 1ft. 6in. diameter, 
plates g inch, preBsnre 50 lbs. There were no stays. End plat« 
blew ont while being caulked at a jump joint in back angle iron. 
The canse of explosion was bad conBtruction and want of stays, and 
also want of prcrper care in working. 

No. 31. Plathem. September ind 2 u\jiired. 

ZjOcomotive, but do details obtained. 

Ho. 32. Aihtim. September 9th. none irijvr»d~ 

Two flued, 40 lbs. prestmre. The ca«t-iro» mouth-piece of man- 

Iiole fractured irom insofSdent strength, and allowed lid and upper 

flange to blow ofF. 

SOv 33. BladAum. October ^h. 4 itgured. 

Water Heater, made of large bottle-shaped pipes placed in the flue. 
he ioTce of explosion cansed the neighbouring boilers to be unseated. 

No detcdls have been obtained as to the cause of the explosion. 

2fo. 34. London. (F^. 20.) October 1th. 1 kiUed.. 
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Ooe tabs Cornish, lift. loDg, 4ft. dmmeter, plates g iooh, tabe 
2ft. l^in. diameter, pressure 50 lbs. Gave way nndemeath. Top 
thrown upwards. Front part and tube thrown to the front. The 
cause of the exploidon was eztenuve corrosion at the bottom where 
it toocbed the walls. 

Jfo. 35. Preiton. October Sltt. none injured. 

Conush, 2Ctt. long, 5ft. 6in. diameter, tabe 2ft. llin. diameter, 
plates i inch. Preaaore 30 Iba. Tabe collapaed for want of proper 
strengthening hoops, blowing ont back end, and throwing boiler 
fbrwaid. 



2fo. 36. Durham. (F^. 21.} NovmJitr 3rd. 1 JaUad, I irgtmd. 




Fig. 21. 
Plain Cylinder, 19ft. long, 6ft. diameter, pressaie 10 lbs. It was 
36 years old, and bon deteriorated and also mnch patched. The 
cause of explonoo was over-pressure fur so old a boilBr. 



Jfi).37. Bradford. {Fig.22.) November 



kitted, 3 injured. 



J^. 22. 
Agricultural, wagon-iihaped, 6ft. Sin. long, 3ft. iagb, 8ft. 4m, vide, 




BOUEfi EXFIOBIOKS m 1887. 

pUtoB } int^ ptesmre 50 lbs. Tipper porlioQ of barrel blew oC 
The cause of tbe explosion was ovor-|H«ssare from locked safety 
Talve and defective conatrnctioD. 



Ko.38. Bheffieid. {Iig.2Z.) 



I^. 23. 
Plain Cy^lindei, 12ft. Sin. long, 3ft. Ilin. diameter, preBBnie 
20 lbs, flat front, and round back end. Main portion tbrown back 
and front forward. Front torn all ronnd the root of angle iron, and 
stay riveta drawn through flat end. The cause of explosion was 
weaknesB of constraction of flat end, and bad safety valve, which 
conid have been loaded to 60 lbs. 



ifo. 39. LangUy WO. {Fig. 




kOled, 10 it^red. 



Fig. 24. 

Flam Oylinder, 40ft. long, 5fL diameter, plates -^ inch, pressiire 

45 to 50 lbs. Parted at third seam, and front thrown forward and 

main portion backwards. The canse of explodon was a aeam-rip of 

old Btanding near patch at place of first rapture. 

No. 40. Bradford. {Fiff. 2a.) NovenOer Uth. 4 killed, 3 injured. 

Breeches tnbe 25ft. 6in. long, 7ft. 6in. diameter, plates -^ inch, 

pieBBore 30 lbs. Front end and fire-grate tnbei and taper junction 
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were ihrown to the front id one [aece. tStaa shell not injnred. 
Back part of tnbe remained in boiler. Bottom part ef taper 




F^. 25. 

JHDction where flattened to receive the two fire tnbes, coIlitpEed 
upwards. The cause of esploaion was the want of proper stays or 
strengthening tnbeB, and consequent weakness. There was only one 
Baiety valve of small size. 

So. 41. Chy>penham. {Fig. 26.) Hoeemher 2Ut. 3 UBed, 2 imred. 



Fig. 26. 

One tube Cornish, 1 Ift. long, Sft. diameter, pressure 14 lbs. Tnbe 

gave waj at an old crack at back of strap-plate and partially 

collapsed. 



So. 42. DudUy. {Fig. 27.) Sov97nb«' 2TtA. 



IJUBmL 




BOn£E EXFLOBIONB IH IWT. 

Flun Cylinder, 25ft. long, 6ft. diameteT, plates ^ iiudi, pieaann 
50 lbs. Had been a one tube Cornish, but tabe had been taken oat, 
leaving flat enda. Back end wae blown out. Main jghell thrown 
forwards. The canse of exploEdon wae weakness of constrnctiaa in 
not Bnfficientlf strengthening the flat end to compensate for loss 
of tnbe. 



No. 43. SAieUi. {Hg. 28.) Decembar 7th. noat mjored. 




Fig.W. 
One tnbe Cornish, 28ft. long, 6ft. diameter, tnbe 4ft. diameter, 
plates t inch. Fressare 28 lbs. Tube collapsed for the whole 
length, bnt no particnlai^ of the canse obtained. 

So. 44. Belfatt. December 14t&. 2 laOed. 

Some repair had been done to a Boiler, and a blank €ange need to 

stop ofi' the steam was being removed without shutting the stop- 
valves to the other boilers, and the joint blew ont when the bolts 



So. 46. ManeheaUr. (F^, 29.) December 23rd. 6 kUled, 4 injured. 




Fig. 29. 

One tube Cornish, 18ft. long, 6ft. diameter, tnbe 3ft. 2in. diameter, 

plates } inch, Fressnre 25 lbs. Bent along bottom, and two rings 
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of platee blown sway, but tnbe and ends not mucb injured. The 
canee of explosion was extenmve corrodon on the part resting on 
the midieather wall. 



No. 46. Bamthg. {Fig. 30.) Decmher 




Fig. 30. 
Balloon, lift. 6in. diameter, and lift. 6in. high, plates | inchk 
Bottom domed np 3ft. Gin. over fire; ordinary pieBsnre 8 lbs. Bdler 
had worked two days at 25 lbs. pressm^ bnt safety valve loaded 
to 16 lbs. The canee of explosion was nndne pressure for an old 
boiler of snch weak aha^ 



So. 47. Zeeih. (Fig. 31.) Deeemher 30(A. 




2 mjwed. 



Rg. 31. 

Two tnbe Cornish, 23ft, long, 7ft. 2in. diameter, tabes 2ft. Tin.. 

diameter, piessnre 15 lbs. Bent along bottom, and shell blowi> 

away, leaving tubes and ends nearly nniqjired. The canse of 
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«xplodoiL vas, that the bottom was corroded to a kiii& edge all aloDjf 
the midfeatW wall. 



Jfo. 48. Wtieldt. {Fig. 32.) DeeenAer 31»t 




Plain Cylinder, 30ft. long, 1ft. 6in. diameter, plat«3 | inch, 
pressm^e 29 Iba. Bent orer fire near where a new plat« had lately 
been put in. Front part of shell opened oat and rent, and back end 
blew away in one piece. The canse of explouoa was deterioration 
irom 20 years' wear, and bad management. 



BOILER EXPLOSIONS IN 1868. 



Ho. 1. Netecattlt. {Fig. 1.) January 




One of tliree. Flaiu Cylinder, 27ft. long, 5ft. diameter, § inch 
plates, 35 Iba. pressure. The boiler was maoh torn up, and all the 
fragments thrown to tlie front of tJieir original position. The canga 
of the explosion was that the boiler was very old and mneh 
deteriorated, so that it was unable to bear the ordinary pressure. 
The longitudinal arrangement of the plates, and the entrance of the 
feed directly on the bottom, no doubt oontribnted to the weakness. 

i^o. 2, Qiatgow. January 2^th. 1 killtd, 5 it^urtd. 

One of foor. Eier or steam chamber, and not used fbr generating 
eteam. It was 8ft. 6in. high, 6ft. 6in. diameter, ^ inch platee, 
40 lbs. pressure. It was rent from top to bottom, owing ti 
inm and woifananahip. 



BOILEB EXPLOSIONS IN IS6S. 
ifo. 3. Sheffield. {Fig. 2.) January T&th. 




lig. a. 
One of four. One tube Comiat, 26ft. -tin. long, 6ft, 6 
Tab« 3ft. Sin. diameter, | incli plates, IS lbs. piessnre. The dotted 
line showB ontside shell of boiler. The tsbe collapsed from end to 
end while the steam was being raised, owing to the weaknees of so 
large a tnhe withont strengtheniiig rings. 



ifo. 4. London. {Vig.i.) JimiMry 




Fig. 3. 
One tube Cormsh, 18ft. Sin, long, 4ft, lOin. diameter, | inoh 
^latee. Tube 3ft. diameter, -^ inch plates. In sketch the external 
«bell is shown in outline to allow the tube to be seen. The tube 
«ollapfied owing to sboitneBS of water, and rent open at one seam, 
allowing the contents to issue violently, although the boiler its^ 
was not disturbed. 



Ho. S. Soldm. {Fiff. 4.] January SlU. 






Fig. 4. 
lbs. Sketch shows interior view ot fire-box with 
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front removed. The left side of the copper fire-box burst inwards 
owing to tlie plate in line of &actaie being corroded to lees 
than 4- inch. 




Mg. 6. 

One of three, (^e tube Cornish, with two external fire grates 
with a water tube orer each fire. It was 30ft. 2iu. long, 6ft. 
diameter. Tnbe 3ft. diameter, % inch platea, 40 lbs. preasore. 
External shell is shown in dotted lines to allow of the tubes being 
seen. The tube had formerly been placed rather higher in the 
boiler. The tube collapsed sideways, having become overheated from 
shortness of water. The boiler itself was but little disturbed. 



■Vo. 7. Xelio. {Fig. G.) February llth. 



\eit^ured. 



6^ 



Fig. 6. 

One tube Cornish, 9ft. 9in. long, 4ft. 6in. diameter. Tnbe 2fL Sin. 
diameter, ^V iJioh plates, 30 lbs. presaure. The boiler rent open at 
the bottom, and was thrown a considerable distance by the inaction 
of the issuing contents. The plates along the bottom were reduced 
by corronon to -^ inch where in contact with the brickwork, so that 
the boiler was unable te bear the umal wwking presBure. 



BOILEE BXPLOBIONS IN 1B68. 
Jl^ 8. Duriam. {Fig. T.) February 12th. 2 kOUd, 1 Htfured. 




One of four. External shell la ehowii in dotted lines in sketch, 
to alloT the tubes to be seen. It yraa 20ft. long, 7ft. diameter, 
40 Ihfl. presBnre. The two internal fire grates in the floee irere 
2ft. Sin. diameter, ^hich joined at the hack with a central return 
floe to a diimnef passing oat of the top of the boiler. The rides 
of flues freie flattened to allo'w tliem to be packed closer togetlier, 
and espetnally tlie central return floe, vhich was flattened on both 
rides, and thns rendered so weak that the left ride collapsed and 
allowed the contents of the boiler to issue, blowing out the grate 
on the left side. 



Xo. 9. Ha^fax. {Fig. 8.) March Zrd. 




Fig. 8. 

fUin Cylinder, with flat ends, 18ft. 6in. long, 3ft. 1 lin. diameter, 
§ inoh plates, 60 lbs. pressure. The back end gaye way at the root 
of the angle iron all round, and was thrown 60 yards to the rear, 
nte boUer was forced forward, and tilted up by the reaction of the 
iasaing contents, and forced throngh a wall. The cause of explorioa 
was tlie want of aaffident stays to the flat end. 



BOILEK EXFL0BI0N8 IN 1868. 
ITo. 10. UMKOtOt. {Fy. 9.) Apr^ «A. 1 hOkd, 4 in^td. 




Fig. 9. 
One of four. Plain Cylinder, 28ft, long, 6ft. diameter, f inch 
plates, 30 lbs. pressnie. The boiler was mnoli torn and soattered, 
and much damage was done. The plates were improperly arranged 
longitudinally. The boiler gave way at a patch lately put on, and 
had become bo deteriorated by nearly 30 years' wear, that it was 
unable to bear the usual pressure. 

Sb. 11. Aberdeen. April llh. 1 kOkd. 

Two tube Cornish, 6ft, diameter. Tew partionlars have been 

obtained. The upper part of &ont end was blown out and did 

considerable damage, Most likely this was for want of proper stays. 

J/o. 12. April 16th. 1 ifi^jured. 

One of four. One tube Cornish, 15ft. long, 4ft. ?in. diameter. 
Tube 2ft. Sin. diameter, i inch plates, 60 lbs. pressure. The tube 
collapsed and rent open near the bridge, owing to its weakness with 
such thin plates and no strengthening rings. 

m. 13. ComwaU. May l«f. 1 killed. 

No details obtained. One tube Cornish. Tube collapsed, owing 
to its weakness without strengthening rings. 

^0. 14. ComieaU. Hay 9th none it^ured. 

'E&tf particulars obtained. One tube Cornish, 34ft long. Tube 
4ft. diameter, g inch plates, 40 lbs. pressure. Tube collapsed owing 
to its weakness without efrengthening rings. 



BOILEB EXFLOSIOHS IN 1809. 
No. 16. Oldiam. May llth. 1 kOkd, 1 vffund. 

A verjr Bnmll plain cylinder, 3ft. Sin. long, Ifl;. Sin. diamet^, 
i inah. plates, 45 Ms. presaore. It burst at a faulty place at tiie 
lower part of the back, on the left hand side, allowing the hot water 
to iaaoe, bnt the boiler was not much disturbed. 

JTo. 16. Sriftol. May lllh. 1 kilted. 

Marine. Bingle internal fire grate, with small Tetum tube, 7ft. 
9iii. long, 5ft. 4in. diameter, } inch plates, tube 2ft. Tin. diameter, 
i inch plates, 62 lbs. presaore. Tube collapsed and rent open owing 
to its weak, corroded, and deteriorated condition, and the contents 
iasoed bo violently, as to cause much damage to the boat. 

So. 17. SuU. {Fig. 10.) May 12ih. 2 killed, 2 injurtd. 



Eig. 10. 

One of two. Flain Cylinder, 4ft. 9in. long, 3ft. diameter, \ inch 

plates, 25 lbs. presanre. This was a second-hand boiler, and rent 

into several pieces just after beiiig put te work, owing to ite having 

become thinned to ^ inch by conosion. 

No. 18. Coa&tndgt. May 15iA. 1 injweti 

Plain Cylinder, flat ends, 15ft. long, 5ft. diameter, g inch plates, 
30 lbs. pressure. The back end blew out and caused considerable 
damage, and the boiler was thrown some distance. The end was 
very insufficiently steyed. 

No. 19. Ormetend. [Fig. 11.) May 26tA, 2 hSUd. 




Hg.W. 

One of two. Uaiine, 13ft. 5in. long, 7ft. 2in. diameter, -^ inch 

plates, 25 lbs. preasore. The flie was in two internal fiimace tabes 
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united at the back, and the flame was returned to the &ont by fimr 
smaller tubes. The furnace tubes were of exceedinglr weak shape 
as tlie sides foUowed tlie curve of the shell, hut were not attached 
to it by proper stays, so that the left hand tube collapsed upwards, 
and one seam rent open and allowed the contents to violently escape. 
It is probable there may have been greater pressure than nsoal at 
the time, hnt the fumaoes without stays weie nnsafe, even at the 
ordinary pressure. 



No. 20. Durham. {Fig. 12.) /un 



ihOtd. 



m. 



m 



Fig. 12, 
One of eight. Plain Cylinder, 30ft. long, 6ft. diameter, f inch 
plates, 3S lbs. pressure. The plates were arranged longitudinally. 
Boiler had worked 27 years, and was much deteriorated, and gave 
way at an old fracture over the grate, and was torn into 4 pieces, 
which were thrown a great distance. 



JV#. 21. Suddertfield. {^. 13.) June ZOtA. 



1 kiSed, 6 it^red. 
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One tnira Corauli, 24ft. long, 6ft. diameter. Tnbe Sft. Sin, 
diameter, § inch plates, 40 lbs. preesiue. The seams wen oiranged 
diagonallf, bnt the i^its had not follo'w^d the seams, bat had torn 
the plates. The shell gave way where extendre oonodon had 
ledaoed the plates to ^ inch in thickness, and all the shell was blown 
off, and the tube thrown over and tuned end for end. 

Ifo. 22. Jane 22nd. none Mf^uredL 

Two tnbe Cornish, 27ft. long, 7ft. 6in. diameter. Tnbe Sft. 

diameter, -J^ inch plates, 70 lbs. pressure. Left hand tnbe collapsed 

6om end to end owing to its weakness without strengthening lings. 

No. 23. BaUfax. Juk/ 9th. 6 injureil. 

Two tnbe Cornish, 20ft. bng, 6ft. Sin. diameter. Tube 2ft. Sin. 
diameter, g inch plates, 55 lbs. pressure. The shell was blown 
completely off, leaying the tabes and ends intact. The bottom waa 
extensively corroded, so that the strength of the boiler was so 
reduced as not to be able to bear the nsnal pressure. 



216. 21. Wnxham. {Fig. 14.) July 9th. 2 u^'ured. 
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Two Fonutoe XTpright, 22ft. high, 8ft. lOiii. diameter, g inch 
plates, 14 lbs. presaore. Small piece waa blown oat of the bottom, 
and the iseiiiiig contents disturbed fiie brickwork Bnrroiinding the 
boiler. The plate was corroded to a knife edge in the line of 
fracture, from the leaking of the adjacent blow-pipe joint. 

So. 25. Dundee. Jvly \Zth. 1 hOed, 1 injured. 

Two tube Cornish, 28ft. 6in, long, 7ft. diameter, % inch plates. 
Tube 2ft, 2in. diameter, ^ inch plates, 40 Ibe. presanre. Both 
famaces collapsed, and niptared &om oTerheatuLg tlirougb shortnesG 
of water. 

JVo.26. Halifax. July lith. Sitifured. 

Looomotiye, 10ft. 9in. long, 4ft. diameter, J- inch plates, 130 lbs. 
pressure. Ifeaily all the barrel was blown away. The inside wee 
very much corroded, and there was a deep forrow at tlie line of 
first rupture, caused by the alteration in tona of the boiler in the 
atiaia of working. This is usually obTiated by substituting bntt 
for lap joints, so that the pressure does not tend to alter the cironlar 
shape of barrel. 

No. 27. Limerick. July 2Ut. 2 Idlted, 1 ii^ured. 

LocomotiTe. Few particulars aie obtained. The connecting rod 
broke, and the loose end attached to the crank pierced the boiler, 
and allowed the contents to issue and scald those near. 

^0. 28. Saniey, (Fig. 15.) July ZIH. 1 UtUd. 
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One of three. Plain Cylinder, 36ft. 9m. long, fift. diameter, 
f inch plates, 50 lbs. pressure. The boiler parted at a seam over 
the fire bridge. The front end was thrown upwards and to a 
ooosiderable distance to the &ont. The back part of the holler was 
forced backwards. The flrat rent took place at a seam-rip at tlie 
ruptured seam, and the boiler exploded while the fiie was being 
drawn in order to repair the faulty place. 



JVo. 29. Ea*ter Bote. Augutt %th. 2 kiUed, 3 injured. 

Agricnltural. It exploded while travelling, by its own steank 
power. The engine had stuck &at, and extra pressure of steam was 
raised to try and extricate it. The boiler waa torn in pieces, and 
scattered to a great distance. 



]!fo. 30.. - BUtUm. {Fif. 16.] Aagatt ITU. 




Fig. 16. 

One of two. Plain Cylinder, 30ft. long, 5ft. diuneter, f incb 
plates, 46 lbs. pressure. The boiler gave way on the side where 
the plates were overheated by the water being too low, and the 
front port of the shell was flattened oat and thrown some distance 
to the rear, as it« course was influenced by its remaining attached 
to the rest of the boiler as by a hinge ; while the front end was 
rent into several pieces, and the back end was thrown also to the 
rear and rolled down a dedivity into a stream. 



BOILEB EXPL08I0HS IH ISeS. 

No. 31. Liverpool. {Fig. 17.) Avgutt 2<ifk. 
T hShd, 5 aiQared. 

Two Famace CbiniDe; Boiler, 42ft. 4ia. 
high, 6ft. din. diameter, ^ inch platea, SO lbs. 
pressure. Nearly half the bottom plate was 
blown ont, and the isBuing contents foond their 
way into the famace and increased the damage. 
The line of rupture near where it joined the 
shell was corroded almost to a knife edge, which 
so reduced its strength as to make it unable to 
bear tbe usual working pressure of steam, 
in addition to that of tbe colomn of water 
in the boiler. 



Ho. 32. 



^Ujfust ZUt. 1 kilkd. 



A Kier or Steam Bleaching Chamber, some- 
what like N^o. 2, and not used for generating 
steam, 9ft. high, 8ft. diameter, ^ inch plates, 
50 lbs. pcessure. The bottom blew out, and 
tbe shell was torn to pieces. The cause of 
explosion was weakness of the ruptured end, 
and want of care in working. 



No. 33. BirmtTtgham. SepUmher lith. IMhi, 
1 ii^vrtd. 

Two tnbe Cornish. The manlid was wrongly 
fixed ont^de with internal damps. It was 
being screwed up tighter to stop leaking when 
the bolt broke, and the lid came off and allowed 
the contents of the boiler to escape. 
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Ko, 34. GMoOndge. {F^. 18.) Seylember 2ltt. 




One of four. One tube, externally fired, 18ft. 6in. long, 6ft. 6m. 
diameter. Tnbe 3ft. diameter, ^ inch plates, 40 lbs. presBiue. In 
sketch the shell is shown in dotted lines to allow the tnbe to be 
Been. The tube collapsed &om end to end and ruptured at two 
seams, and the contents issued so violently as to knock down the 
brick-work and displace the boiler. The tube was in a very weak 
and corroded condition, and onable to hear the usnai working 
pressure. 

N». 35. Miatle;/. (F^. 19.) September 2%th. 13 hOied, 2 injurei. 




mg. 19. 
Qan of foiir. Four Furnace Upright, 22ft. high, 10ft. 6in. 
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diameter, /^ inch plates, 40 lbs. pressure. The boiler was rent into 
nine pieces, one of which was not found. The dotted line in eketoh 
shows the outline of the boiler before explosion, and the fragments 
are arranged as nearly as possible in their original position. The 
first rent woe at a seam-rip opposite the lai^st fomaoe, &om whence 
the rupture opened in every direction. This seam-rip must have 
existed some time before explosion, and must have extended &om 
rivet to rivet, until the boiler was bo much weakened as to be unable 
to bear the usual pressure. 



No. 36. Witu/ord. September 30(A. 1 kOed. 

Plain Cylinder, Few particulare obtained. The end over the 
fire burst open and allowed the contents to escape. A thick acoumu- 
lation of scale on tbe bottom had caused the plate to become 
overheated by preventing proper contact of the water. 



JVb. 37. Eltecar. (P^.20.) OcUAertnd. 




Fig. 20. 

One of four. Two Furnace Upright, Sift, high, 7ft. i 
■^ inch plates, S8 lbs. pressure. A large piece of plate was blown 
out of the side of the boiler, and the reaction of the issuing contents 
threw the boiler over on to its side. The plate waa said to be over- 
heated &om shortness of water, bat as the centre tubes were 
uninjured, the raptured plate may have become overheated from the 
intense heat impinging on one place, causing so rapid a generation 
of steam as to prevent proper contact of water. 
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No. 38. QlasgwD. October 12ih. 1 MUedf 1 injuretL 

Plain Cylinder, 39ffc. long, 5ft. diameter, g inch plates. A small 
piece of plate abont one-and-haK-feet area blew ont of the bottom, 
and the contents issued so yiolently as to do much damage, although 
the boiler itself .was not otherwise injured. The ruptured plate was 
corroded to ^ inch thickness by the leaking of seams, caused by 
the feed water entering close to the bottom of the boiler. 

No. 39. Swansea. October ISth. 2 killed, 1 injured. 

One of twenty-four. One tube Cornish, worked by two furnaces, 
23ft. long, 6ft. Oin. diameter. Tube 3ft 9in. diameter, ^ inch 
plates, 40 lbs. pressure. The tube was divided by a wall down the 
middle. The tube collapsed sideways. It was said that one side 
was overheated through shortness of water, but it is more than 
probable the explosion was owing to the weakness of so large a tube 
without strengthening rings. 

No. 40. Preston. October 16th. 2 injured. 

This was an arrangement of pipes, called an ** Economiser," placed 
in the flues of a set of boilers for heating the feed water. It was 
shattered into fragments, causing considerable damage. As the 
whole apparatus was said to be in proper order, the explosion had 
been attributed to coal gas in the flues, and some peculiarities in the 
ruptured pipes bear out the supposition. 

No. 41. London. {lig. 21.) October 19th. 6 injured. 




Fig. 21. 

Kitchen Boiler, for supplying hot water to the top of a lofty 
house. It was rectangular, 3ft. 6in. wide, 2ft. 6in. high, and 1ft. 
deep. The front was blown out and caused considerable damage. 



BOILES BXFLOSIOTTS IN 1888. 



The boiler was of most weak shape, and although no pressoTe of 
steam was intended, it appeared to have been overlooked that the 
colimm of water to the top of the house would give sufficient 
pressure to make such a boiler unsafe. 



Ke. 42. London. (J^. 22.) Ockher ZOth. 2 UOed, 10 in)UT*d. 




Fig. 22. 
One tube Comish, Iflft. long, flft. djametor, f inch plates, 60 lbs. 
pressure. Tube oval at fire end, 2ft. llin. wide, 2ft. 6in. high. 
Circular beyond bridge, tapering to 2ft. diameter at back end. In 
sketeh outside shell is shown in dotted lines to allow tube to be 
seen. The front of the tube burst beneath the fire bars, and rent 
upwards. Tube collapsed beyond bridge and rent open at each side, 
but remained intact over the fiie. The oval part of the tube was of 
so very weak a shape, that it bnist open, and the collapse of the 
back part followed as a consequence. 

Vo. 43. Birmingham. {Fig. 23.) Becemhor 2nd. I ir^artd. 




Mg. 23. 
Small Portable Boiler, 4ft. 9in. high, 2ft. Sin. diameter, ^ inch 
plates, 40 lbs. pressure. The shell was tent completely off. The 
explosion arose &om the largo size of the manhole, which had no 
guard ring on the edge, and the lid had strained it and caused several 
cracks, and at last forced itself through the boiler, and the rents- 
spread in every direction, and caused the break up of the boiler. 
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ITo. 44. NeweoHk. {F!g, 24.) December U&. 3 tdlkd, 3 mjured. 



■ 



liff. 24. 



Marine Upright, 13ft. Sin. high, 6ft. 6in. diameter, i inch plates. 
Internal fire-box 8ft. 6in. high, 6ft. diameter at bottom, 5ft. 3iD. 
diameter at the top, f inch plates, 50 Ibe. pressare. In the sketch 
the shell is shown in dotted lines to alloir the internal £re-bo2 to ba 
seen. The boiler was rent into many pieces, many of which were 
lost in a river, bo that a satisfactory conclosion as to the cause of the 
explosion was imp()S8ible. The boiler was not very firmly stayed, 
and it is supposed that it was weakened by corrosion round the 
file doors. 

No. 45. Hartlepool. December 29(A. 1 inured. 

Marine, with 3 internal fireplaces joined at the back. The back 
of the junctiixi tabe gave way at a place deeply corroded, and allowed 
the contents of the boiler to escape. 



NOTE. — Two more illustrations may be given which are not 
ffofSciently important to include in the above list. 



WittenhdU. [Fig. 25.) December S4M. none mfured. 

One of two. Plain Cylinder, 25ft., 6in. long, 5ft. 6in, diameter, 
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I incli plateB, 30 lbs. pressure. The water was allowed to get low, 




Fig. M. 
and the overheated pktes opened and allowed the steam to esca^ 
hormleBsl;. 

Stok*. {Fig. 26.) Deoember Wi. non» tt^urtd. 




Fig. 26. 
One of eight. Four Fnrnace Upright, 22ft. high, 9it. diameter, 
j^ inch plates, 45 lbs. preBanre. The water was allowed to get bo 
low that the ahell was overheated and rent, and the side tnbe slightly 
collapaed, and the injniy was not discovered until the feed water had 
risen np to the raptnre, when it ran into the fiimaceB without caoioDg 
any violent explonon, although cold water had been pnt into a 
red hot boiler. 



BTOUBBBIDaB : 
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M. 1. CheOerfieU. {Fig. 1.) Janwary lith. 4 hiOei, 2 »n;i 




One of two. One tube Cornish, 26ft. 6in, loi^, 6ft. diameter, 
tube 3ft. Sin. diameter, § inob plates, 45 Iba. pressare. The gnage 
glass was broken and the float was either out of order or nnobseryed, 
as the water was allowed to get 9 inches below tlie nsnal level, bo 
that the crown of the fumaee became orerheated and collapsed, and 
rent open where a patch had been put on some little time before. 

No. 2. Manehester. (Fig. 2.) January 22nd. noM it^ured. 




Fig. 2. 

Locomotive. The barrel was 10ft. 6in. long, 4ft. diameter, 

■^ inch plates, 130 lbs. pressure. The engine was 14 yean old, 
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and bad lately been tested to 180 lbs. hydranlio pressare. The 
seams neat tbe bottom were so deeply " furrowed " or corroded just 
above the lap joint in a continuous line that they rent open. 

iVo. 3. Qreaibridge. {Fig. 3.) January 26(A. 1 killed, 1 injured. 




Fig. 3. 

One of two. Plain Cylinder, with flat ends, 22ft. long, 4ft. 3in. 
diameter, | inch plates, 60 lbs. pressnre. There had formerly been 
a tnbe with internal Aimaoe, and this had been removed without 
BufGcient stays to compensate for the loss of strength. The 
plates were arranged in the weakest way with seams in one line 
from end to end, and the strength of the boiler had been further 
reduced by very frequent patching. Fracture commenced about the 
centre of the long seam under the dome, which had gradually ripped 
from rivet to rivet, until unable to bear the ordinary pressure. The 
boiler exploded because it was completely worn out, and shows how 
treacherous and uncertain a boiler becomes by constant patching 
and alteration. Bee also "So. 45. 



So. 4. Sotherham- {Fig. 4.) January 27(A. 



1 injured. 



One of five. Plain cylinder, with dished ends, 36ft. long, 
4ft. 6in. diameter, flinch plates, 55 lbs, pressure. It had worked 
about 8 years, and was much patched over the fire end, and had 
lately been put into what was supposed to be thorough repair. As 
there waa no need of an inquest the wreck was quickly cleared and 
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Bome of the fragments cut np, bat enough puticnlara were obtained 
to giTe Home idea of tho natore of the exploaion. 




The first rent must have taken place in the bottom seaioB over the 
fire, where weakened by fr^nent leijaiF. 



JVb. 5. Jhtrham. {Fig 5.) Feh-uari/ 2nd, 1 Jallsd, 4 injurtd. 




fig. 6. 
One of twelve. Plain cylinder, 13 years tdd, 30ft. long, 6ft. 
diameter, | inch plates, 33 Iha. pressure. The plates were arranged 
lengthways, so that the seams were in contiunouB lines from end to 
end. This has often been mentioned as giving far lees strength 
than where the plates are placed in rings. There had been consider- 
able repair at various times, and jnst previous ta explosion the boiler 
had been plaoed as waa supposed in thorough repair, and some new 
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plates had been pat over the fireplace. The fint rent appears to 
have taken place where one of these plates joined the old woik. 
The rent quickly estended along a straight seam, and the boiler was 
blown into three pieces. The explosion was simply caused by the 
boiler having been weakened by frequent repair nntil unable to bear 
the ordinary working pressure. Est«mally fired boilers, when bo 
frequently patched become treacherous and uncertain, and more 
especially so when the seams run from end to end. See Ko. 69. 

M. 6. South TTdhs. Fiimars I2th. 2 ii^'wtd. 

This was a colliery boiler. Tery few particulars were obtained. 
The roof of the engine house was blown o£F, the boiler was torn 
from its fittings and turned right round, and knocked down three 
walls and fell in an upright position. 

iVb. 7. ComteaU- {Fig. 6.) February ISiA. non« injured. 




F^. 6. 

One of four. One tube Cornish, 87ft. 6in. long, 7ft;. diameter. 
Tube 4ffc. 4in. diameter, ^ inch plates, 40 lbs. pressure. 

The tube collapsed for the whole length beyond the bridge, and 
the back end of boiler was blown out. The portion of tube over 
the fire was left intact, and the fusible plug was uninjured. The 
cause of the explosion was the weakness of the tube of such large 
diameter and so great length. See No. 57, 

No, 8. TarmoKfh. {Mg. 7.) February 23rA 8 it^rtd. 

Marine, I7ft. long, and 15ft. high, } inch plates, 15 lbs. pressure. 
The top was blown off, the plates having been extensively corroded. 
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Ths boHer had elso been much weakened hj altering it from a round 
to a flat top without sufScieat stays. 




Kb. 9. Sroghfda March Srd 2 injured. 

The roof of a shed was blown off, but no paiiaculars have been 




One of two. !P1ain cylinder, 25ft. long, 4ft. 6in. diameter, g inoh 
plates, 42 lbs. pressure. The boiler had been very frequently 
repaired, and a seam gave way where a large patch had just 
previously been put on over the fire, in doing which the rivet holes 
of the old work had evidently been craoked, rendering the boiler 
unable to bear the usual working pressure. See Ko. 45, 
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2fo. 11. CofiMaU. March lUk. none ii^wei. 

One tube ComieK The tabe ooUapsed from want of water. 

m. 12. BrmUy. {Fig. 9.) April Ut. 1 hilUd, 4 mjwed. 




Fig. 9. 



Hultitubular, 9 years old, 8ft. Sin. long, barrel 6ft. long, and 
2ft. 4in. diameter, ^jf inch plates, 50 lbs. pressure. The cylinder 
was attached to right side of the top of the boiler over the fire box, 
and on the other side there was a very large manhole, the edges of 
which were corroded, and so strained and oraoked by the screwing np 
of the manlid, as to be unable to bear the working pressnre. The 
rent started in all directionB from the manhole allowing the boiler 
to split np into three pieces. See Hoe. 18 and 36. 

Hi). 13. Cormeall, April llth. none injurfd. 

One tube Comish — but no particnlars. 

M. 14. BarUng. {Fig. 10.) April 19(A. 4 MlUi, 2 ity'iired. 
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Portable Ciane, 8 years old, 3ft. Sin. high, 4ft. '4in. diameter, 
with internal fire box, 6ft. high and 3ft. 6in. diameter, and chimney 
passing out at the top, ^^ inch plates, 40 lbs. pressare. The 
internal fire box crushed in aideTsya, and the shell was rent into 
several pieces. The attachment of the fire box to the shell ^nia 
made by bending the plates, as shown in enlarged sketch, and this 
is not so rigid as doable ang^e iron and had evidently strained the 
chimney tabe. This weakness had been so increased by deep cor- 
rosion just at the bend of the plates that it had given way. The havoo 
and loss of life was far greater than would have been supposed 
possible &om so small a boiler, but similar cases are mentioned in 
No. 43, 1868, and Ho. 57, 1866. 



Jfo. 15. J)urham- {Fig. 11.) April 23rtf. 




ng. 11. 

One of two. Kain cylinder, with plates arranged lengthways, 
30ft. long, 6ft. diameter, | inch plates, 9 lbs. pressare. A seam 
gave way on the right side over the fire and immediately rent along 
the straight seam from end to end, and the boiler was thrown in 
one mass a great distance to the left. The boiler was very old and 
much weakened by frequent repair, and at the time of explosion 
was being imprudently worked at twice its usual pressure for a 
temporary pnrpose. See No. 69. 
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iPb. 16. Swy. {Fig. 12.) April 29th. tm» tn/urtS. 




Mj. 12. 

Doable Furnace, intem&lly fired, 28it. long, 7ft. diameter, -^ inch 
pUtea, 55 lbs. presBiiie. Furnace tubes 7ft. long, 3ft. diameter, 
g inch plates. The crown of the left hand fomace collapsed and 
the right hand furnace was slightly altered in shape, as if from 
overheating \>j shortness of water, although the true cause was 
Bupposed to be the thickening of the water by use of anti-inoruatation 
composition, preventing proper contact of the water with the platee. 



No. 17. Lwvrpool. {Fig. 13.) May 12th. 1 Mled, 1 ity'urtd. 



Plain cylinder, 10ft. long, 8ft. diameter, f inch plates, 50 Ihs. 
pressure. The ends were flat made of plates, with turned edges, 
and there was such extensive corrosion on the inside of the bend 
that the back end came out and was blown 30 yards to the right 
and rear, the rest of the boiler being thrown to the front. The 
front plate had been repaired with angle iron where similarly 
corroded, and the shell was also much patched. The fractnred 
edges were not -^ inch thick, so that the boiler was not fit to cany 
any pressure with safety. 
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Ni>. IB. AUngdoK. (Fig. 14.) Mag 13th. 2 hiOed, 2 it^vrei. 




Fig. 14. 

Bevolving Bag boiler, 16ft. long, 6ft. diameter, -^ in plates. 
There was no fire applied to the boUer itaelf, but it received steam 
through one end from other ordinary boilers at 50 lbs. pressore. 
There were two large rectangular manholes for putting in and 
taking oat the rags, irith cast iron frames and lide, attached by bolts 
with large nuts or clamps. 

The explosion appeared to hare taken place vhen, in revolnng, 
the manlids were approaching the bottom, and the first port to give 
way was at one of the manholes where the frame was previously 
broken. The cause of the explosion was the weakness of the man- 
holes, which were very large, and both in the same line, and the 
attachment of the lids was insecure, as the bolts did not go through 
the lids, or iu any way help to compensate for the lai^ portion of 
the plate cut away. The boiler was only supported at each end, 
and had to act as a hollow girder to bear not only its own weight but 
the repeated shocks of the heavy material inside falling over and 
over in addition to the pressure. See Nos. 41 and 63, 1866. 

No. 19. Gleugow. May X^th. 1 kHUd, 1 if^wni. 

Two tube Cornish. One of the tubes collapsed fbr a length of 
8 feet having become overheated through shortness of water. 

No. 20. Durham. {Fig. 15.) May 29iA. 3 it^ed. 

One of t«n, 16 years old, Plain Cylinder with plates arranged 

lengthways, 34ft. long,. 5ft. 6in. diameter, ^ inch plates, 50 lbs. 
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preeenre. The boiler gave way at one of the long stoaight Beams 
near the bottom, and rent into five pieces, which were scattered to 

Fig. 15. 

wide distanccB, but are ao drawn in sketch as to show whereabonts 
in the boiler they came from. The boiler had been weakened by 
frequent repair until nuable to bear the ordinary pressure. See 
No. 59. 

No. 21. South Wales. {Fig. 16.) May 31»i. 5 kitted, 4 injured. 




Fig. 16. 
One of three, very old, plain Cylinder, with flat ends, 34ft. long, 
6ft. diameter, | inch plates, 40 lbs- pressure. Theie bad formerly 
been a tube through the boiler, and when this was taken away new 
flat ends had' been put in without sufficient stays to compensate for 
the loss of the tube. The front end was blown out, and the 
reaction sent the boiler upwards and broke it into three pieces. 
See No. 47. 
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^0. 22. Singly. {Fig. 17.) Juru 9th. 15 killtd, 33 infwtd. 




Two tube Comieh, 16ft, long, 6ft. din. diameter, -jg ineh plates, 
50 lbs. preaBure. Tubes 2ft. 6iii. diameter. The bottom was bo 
much corroded that it reat open, and the boiler waa torn to pieces 
which were scattered to wide distances. The boiler had been much 
neglected and badly used, and the safety valve was insufficient, of 
bad conetruction, and overloaded, and the alarm whistle was ga^ed. 

JVo, 23. Cornwall. June 14th. 1 ii^vrtd. 

Cornish, bnt no particulars have been obtained. 



No. 24. Dwham. {Fig. 18.) June 16(A. 3 hUed, 1 injwnd. 




J^. 18. 
One of three. Plain Cylinder, with platei arranged lengthways, 
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30ft. long, 6ft. 6in. diameter, f inch plates, 28 lbs. pressure, 
25 years old. 

A seam gave way over the fire where there had been frequent 
repair, and the boiler was rent into two pieces, which were thrown 
to some distance. See Ko. 59. 



No. 25. Airdrie. 



June 2^rd. 



2 hilUd^ 3 injured. 



Two tube Cornish, 35ft. long, 6ft. diameter. Tube 3ft. 2in. 
diameter over fire, and 2ft. diameter beyond, 60 lbs. pressure* 
The tube collapsed over the fire, having been very much weak- 
ened by frequent repair. 



No. 26. Nuneaton. {Fig. 19.) July 5th. 



3 injured. 




Fig. 19. 

Plain Cylinder, 25ft. long, 4ft. 6in. diameter, /^ inch plates, 
25 lbs. pressure. The plates along the line of rupture were corroded 
to ^^ inch, and in some places much less, so that the boiler was 
quite unfit for the ordinary working pressure. 
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No. 27. Birmingham. (Fig. 20.) Jafy 6 



^^^F 



Fig. 20. 

Small Plain Cylinder, 5ft- long, 2ft, Sin. diameter, i inch plabn, 

25 IbB. pressure. Both sidea of the boiler were corroded nearly 

through BO that the strength was entirely gone, and it rent in two 

at the ordinary preesure. 

No. 28. Wishaw. July Qih. 2 hUled, 2 injured. 

One of six. Breeches Tube. The tube or combostion ohambw 
collapsed, having become overheated throagh Bhortneee of water. 

No. 29. Kiddermimter. (Fig. 21.) July im. 1 kiUed, 4 intured. 




Fig. 21. 
Plain Cylinder, 21ft. long, 4ft. 6in. diameter, f inch platee, 
50 lbs. pieBBnre. The boiler was very old and very much corroded. 
It had slightly rent open at some former time, and a most wratohedly 
made patch, shown in enlarged ekebih, had been put on to stop 
leaking, made of thin sheets of iron inside and out and pasteboard 
between, held together by 36 alight bolts. Of course this patch did 
not restore the strength of the boiler, and it aoon leaked badly, and 



BOILEB EXPLOSIONS HI 1869. 

the leaking hastened the corroBion of the plate below, nntil it wa» 
nearly eaten away, and quite unfit to bear the working pressaie. 

Ab. 30. Leeda. July 19th. i •otjurtd. 

One of three, 12 years old. Two tube Comiah, 32ft. long, 
yft. 6in. diameter. Tube 2ft. lOin. diameter, g inch plates, 46 lbs. 
pressure. The right hand tube collapsed from end to end sidewayB, 
and ruptured in the fiimaoe, and part of the tube was blown out. 
The cause of the explosion was simply the weakness of the tube 
without atrengthening rings . 



No. 31. South Wakt. {Fig. 22.} Jtiltf 19th. 




Tig. 22. 

One of two. Plain Cylinder, 32ft. long, 5ft. diameter, j inch 
plates, 40 lbs. pressure. It gave way where deeply corroded on 

the inside. 

No. 32. Burglem. {Fig. 23.) July 22nd. 1 killed, 3 injured. 

One of six. Plain CyHnder, 36ft. long, 6ft. diameter, | inch 
plates, 50 lbs. pressure. Although the boiler was not an old one, 
it had been much repaired at the seams with strap plates. It waa 
said that the water was very bad, and deposited much mud, which 
allowed the seams to get overheated and injured. The seam which 
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rent was an original one, and no donbt waa ripped as the others had 





Mg. 23. 
been befoTe repair, and that this rip extended from hole to hole 
until a mptnre at the ordinary pressnre was the result. 



No. 33. Fr«iton. 



Augxitt ith. 



1 Mhd. 



LocomotiTe. In shunting the engine was dragged under a bridg« 
that was not intended for locomotiTes to pass, and the dome vas 
knocked off. 

No. 34. Lmdon. (f^. 24.) Augutt Uth. 3 hiOtd. 




Uarine, 8ft. long, 5ft. 6in. diameter, | inch plat«a, 80 lbs. pressure. 
The flat front end gave way at the angle iron all round, allowing 
tho front with tubes attached, and the shell to be thrown in opposite 
directions. 

The front being flat was very weak, and depended for its strength 
on gusset stays and small bolts connecting the back of the combuS" 
tion chamber and the rouud end of the shell. These stays were 
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very defective and inBnffioient, and the angle iron was bad and not 
welded into one ring, and the boiler was therefore nnfit to bear the 
ordinary pressure, and gave way at the weakest place. 

No. 3d. ComwaU. {fig. 29.) Aagatl 16tA. none it^red. 




Fig. 26. 

One tube Comieh, 32ft. long, 6ft 6in. diameter. Tube 4ft. 
diameter, ^^ inch plates, 40 to 50 lbs- pressure. There was no 
steam guage. 

The tube collapsed fVom end to end, both ends being torn, but the 
boiler was not moved from its seat- The fusible plug was uninjured- 
The came of the explosion was the weakness of the large tube. 
See "Sa. 57. 



No. 36, Ltietster. {Fig. 26.) SepterrAer \tt. 



1 injured. 



I 



J^. 26. 
Upright, Sfb- 6in. high, 4ft. diameter, .^, inch plates, 40 lbs. 
pressure. The top of the boiler was blown out. The rent com- 
menced in the manhole, which was unguarded by a ring, and cracks 
two inches long had existed before explosion. 8ee Nos. 12 and 18- 
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JVb. 37. Trmtton. (f^. 27.) S^ftembtr 9rd. 1 ktOtd, 1 ii^und. 




Fig. 27. 

One of two. Two tabs Comish, 30ft. long, 7ft. 2in, diameter. 
Tube 2ft- Sin. in fiimaeeB, and 2ft. 4in. beyond, | inch plates, 50 lbs. 
pressure. 

The left inmace crown collapsed and ruptured, and the light 
fiimace crown was slightly altered in shape. The two boilers were 
eonneeted by one feed pipe without back Talves, bo that the water 
from thie boiler waa forced into the other and tdlowed the tubes to 
be OTerheated. 



Ifo. 38. Liverpool. {Fip. 28.) S^ptmifr Bth, 1 hilkd, I injured. 




One tube Comisb, 22ft. 6is. loi^, 6ft. diuneter, 3ft. tabe, -^ inch 
platea, 55 lbs. pressure. 

Tbe tube collapsed OTer the fire. It was ho much thinned by 
corrosion, and so many of the rivet beads were eaten off, Chat Qier« 
was not strength left to bear tbe ordinary presErare, 
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No. 39. Boxmoer, {Fig. 29.) 8fptemh«r lO&i. 1 kiOed, 4 iig^red. 




Fij. 2». 

One of three. One tube Cornish, 27ft. Sin. long, Sft. diameter. 
Tnbe 2ft. lOin, over fiirnaoe, and 2ft. Sin. beyond, | inch plates, 
40 lbs. preBBore. One ring of plates was blovn ont of the back 
end of shell. 

There was snoh extensive external corroaion on the seating at the 
bottom that the boiler was unable to beai the working pressure. 



iVe. 40. SvU. {Mg. 30.) 8epUmh»r l&th. 1 hiOed, 1 it^urtd. 




Fig. 80. 

Breeches Tnbe, 13 years old, 30ft. long, 7ft. diameter. Pumara 
tube 2ft. lOin. diameter. Main tnbe 3ft. S^in. diameter, and 
originally made to work at 20 lbs. pressure, but working lately at 
45 lbs. The main tube collapsed. The boiler was not adapted for 
the pressure at which it was worked, and the tube was much 
weakened by the overheating caused by a tliick incrustatioD of scale, 
and was not strengthened by any rings or stays, and was of very 
weak oonstructioii as the plates were arranged lengthways. 
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M. 41. South Waloi. {Fig. 31 .) SipUmber 2%th. 1 Mtx^^l ii^«i. 




One of two, 20 years old. Plain Cylinder, 36ft. long, 6ft. 6in. 
diameter, ^g inch plates, 39 lbs. pressure. 

Xlie plates and rivet heads were very maoh reduoed in thiokness 
by internal oorrosion, and in many places were only ^ inch or leas. 

M, 42. Warrington. Oetober 6^ 2 hOUi, 6 itijttred. 

One of Berenteen. Two tube Cornish, 22ft, long, 7ft. 6in. 
diameter. Tube 2ft. 6in. diameter, ^ inch plates, 45 lbs. preaeure. 

The left hand tube callapBed. The blow-off cock was loft open 
nntil the water was bo low as to allow the tube te be overheated. 



Ifb. 43. SotcUj/. {Fig. 32.) October \Zth, 




Fig. 32. 

Plain Cylinder, with Sat ends, 15ft. long, Sft. lOin. diameter, 
g inch plates, 25 lbs. pressnie. 

The back end ripped all round the angle iron, andwaa blown ont, 
and the rest of the boiler was throws forward a oonsiderable 
distance. 



BOILEE SXFLOBIONS IN IB69. 

TbtoK had once been on int«iTial tnbe, and vhea Una was taken 

out the flat end bad no stay, and vaB nnfit to bear the nanal 
pKBsnie. Bee Ho. 47. 

M. 44. KneeaiiU. {Fig. 33.) October lUh. 2 kilU4, 5 inured. 




Fig. 33. 

Plain Cylinder, with plates arranged lengthways, 29ft. long, 6ft. 
diameter, | inch plates, 25 lbs. pressure. 

Although only 3 years old the boiler had always given tronble, 
and had been very frequently repaired. Some new plates bed just 
been put in the bottem, and as the primary rent was in the old' 
;^ates adjoining them, it is most Uiely they had caused seam rips 
in the old metal. 

The frequent repair had reduced the Btrength until unequal to 
bear the ordinary pressure. See No. 59. 

JPo. 45. Qrtatlridge. {Fig. .34.) Oetoher \Uh. 2 Ulhd, 2 inj'wtd. 







Fi^. 34. 



One of eight, 16 yeais old. Plain Cylinder, 40ft. long^ 
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diameter, i inch plates. Tlie boiler hod originally carried 60 lbs., 
but lately only 40 Iba. The boiler had been worked very hard, and 
had been bo often repaired, that many of the seams were continnonB 
for a long distance without break of joint, so that its strength was 
reduced until unable to bear the ordinary pressure. 

The treacheronsnesB and uncertainty of boilers with one patch 
over another has often been pointed out, as in Nob. 3, 4, 10, and 32. 

yo. 46. Aeerington. {Fig. 35.) Oetoher I9(A. 2 kilUi, 3 inmred. 




Kg. 85. 

One tube Cornish, 14ft. 6in. long, 5ft. diameter. Tube 2ft. lOin. 
diameter, -^ inch plates, 40 lbs, pressore usually, and sometimes 
60 lbs. One ring of plates was blown out of shell. 

The boiler was so very badly corroded at the bottom, that the edges 
of the rent were ijuite sharp like a knife, and the boiler was there- 
fore unable to bear the usual working pressure. The flues were too 
narrow to enter for proper inspection, and the bearing surfaces were 
too wide and retained moisture agaj^t the plates. 



m. 47. Lydney- {Fig. 36.) Oetoler 2Uh. 



1 kilUi. 
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One of fonr. Raul Cylinder with round front and flat back end, 
36ft. loi^, 6ft. diameter, -^g inch plates, 20 lbs. preBeoie. 

The flat end was blown out, the rent extending aU ronnd the 
angje iron. 

There had originally been a breeches tabe in the boiler with a 
atrong stay to the front end, but when this vae taken oat no atays 
were put t« the flat end to compensate tor the loss of their support. 
The angle iron attaching the flat end was made in four pieces instead 
of beii^ welded, and it was reduced to -^g inch thick by external 
ooTTOsion, eo that it was not strong enongh to bear the ordinary 
working pressnre. 

The extreme impmdence of altenng boilers without doe care to 
preaerve their strength has been often pointed oat. 8ee ISob. 31 



Jfo. 46. Jfeaeattle. {Fig. 37.) Oetohw 2'9th. none injvrtd. 




One of six. Flam Cylmder, with plates arranged lengtliwayB, 
40it. long, Sft. Sin. diameter, 40 lbs. pressure. 

The boiler gave way at the fire end, and divided in two, and both - 
pieces were blown to a great distance. The boiler was old and had 
been much repaired, and the seams running from end to end made 
it very weak, but the immediate cause of the rupture was supposed 
to be shortness of water and consequent overheating of the platea. 
See Ho. 69. 



JVe. 49. Btoel^ort. 
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Oetalw ZOth. 




Fig. 38. 

One of ei^t. Two tabe Comish, 30ft. long, 7ft. 4iii. diameter. 
Tube 2ft. llin. diameter, f incti plates, SO lbs. pressure. 

Tbo crown of tbe right hand tube became overheated &om sbort- 
ueas of water, and bulged down and rent half round at the second 
seam of rivets. 



No. 60. Durham- {Fig. 38.) Novmhtr 2»& 




1 injurtd. 



Fig. 39. 
One of four. Plain Cylinder, with flie platea arranged length- 
ways, 33ft. long, 6ft, 6in. diameter, | inch plates, 35 lbs. preBsure. 
A seam over the fire slightly to the right aide gave way where there 
had been frequent repair to stop leaking. At the part which gave 
way there had formerly been a side fire, which had perhaps damaged 
the seams. This boiler was known to have been in bad conditioii 
and needing repairs. See No. 59. 
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JVo. 51. ShMmem. {Fig. 39.) ffovmber Sri. 11 Mlltd, 7 it^id. 



;. diameter. Furnace 




Pig. 40. 

One of three. Marine, 15ft. 6in. long, 
Tnbe 2ft. 4in. diameter, ^ inch plates, 80 lbs. pTessara. 

The left hand tube collapsed and ruptured, and the contents iesaed 
at the front and scalded all near. The right hand tube vae also 
Hlightty out of shape on the top. 

The cause of the oollapse woe, tliat the water had been olloived 
te get below the crowns of the furnaces. There was no means of 
ascertaining how the shortness of water occurred, as all were killed 
who had the opportunity of knowing. 



ifo. 62. Comtoall. (JVy. 40.) • Novtmlfr 25(A. 1 injured. 
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One of five, 30 yeara old. One tube Cornieh, S6ft. long, 7ft. 
diameter. Tube 8ft. lOin. diameter, -f^ inch platea, 40 lbs. preeeure. 

The ehell waa rent into several lai^ pieces and thrown to aomo 
distance. The tube was also thrown out and broken, chiefly by its 
fall and striking against walls. 

The boiler was corroded very badly on the seating, which most 
have been known, aa there were numerous small screw patches to 
prevent leaking at the corroded places. The shell was in sncb bad 
condition, that it waa quite unfit to bear the ordinary working 
See Ifo. 58. 



JVb. 53. Bihton. {Fig. 42.) DeemAer 3rd. 8 killtd, 1 injwei. 




Fig. 42. 



One of three. Four Furnace Upright^ 20ft. high, 10ft. diameter. 
Centre tube 10ft. high, 4ft. 6in. diameter, side tubes 2ft. diameter, 
§ inch plates, 35 lbs. pressure. 

The central tube collapsed, and the bottom part was blown out. 
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and allDwed thu oontente of the boiler to issue from the bottom into 
the oulvert leading to the stack, and into the necks of tbe fiirnaoeB 
from wbicb it was heated. The reaction sent the boiler up to a 
great height, and it divided into eleven fragment^ Tbioh were very 
widely scattered. ComparatiTely little damage was done to the 
fomaoes and premises, only the briokwork Burrounding the boiler 
being thrown down. 

Although it had only worked a short tjme at this place, it was 
Tory old, and the central tnbe was corroded until only i inch thick 
in many places, and many of the rivet heads were quite eaten away. 
It was altogether so worn out that it was quite unfit to work at 
any pressure. 

2fo. 54. Cornwall. (JFly. 43.) Dee»mber Gth. none it^'ured. 




Fig. 43. 

One tube Comisb, 32ft. long, 6ft. diameter. Tube 4ft. diameter, 
•^ inch plates, 40 te 50 lbs. pressure. The tube collapsed from 
end to end, and the front portion was blown out with the front end, 
and the back end was left attached to the shell, and but little moved 
from its seat. 

The canse was doubtless the weakncsB of such a lai^ tube. 

This is the third explosion at this engine. One of the previous 
explosions is discribed at Ko. 35. 

Ko. 55. Stonehaven. Decemier 9th. 2 ir^ured. 

Locomotive, but no particulars have been obtained. 

No. 56. Comteall. (Fig. 44.) Dtcmber IQth, none injured. 
One tube Cornish, 26f!;. long, 6ft. 6in. diameter, tube 3ft. lOin, 
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diameter, | ioch plates, 40 lbs. preaaure. The tubo collapsed and 
ruptured in the central part from Teakneas. 



JVo. 57. Contwall. (Fiff- 45.) December 11 'A, none itywtd. 




Fig. 45. 

One tube Comisli, 32ft. long, 6ft 6in. diameter- Tube 4ft. 
diametfir, } inch platea, 60 lbs. preaaure. 

It waa an old boiler, and some of the plates of the tubs warn 
thinned by corrosion, but it had only just been put to Tort at this 
place, and burst the first day of working. 

The tube collapsed beyond the bridge, and the back part with the 
back end plate waa blown out to a great distance The front end 
was also ruptured, and the whole boiler was aent forwarda The 
tube over the fire had not collapaed. The cause of explosion was 
the weakness of such a large tube without strengthening rings. 

Many similar boilera have exploded in the same way from the 
same cause, ae described in Noa. 28, 30, 35, 40, 54, and 56. 

No. 58. Cornwall. {Fig. 46.) Dtemler 14(A, 2 kilUd. 

One tube Cornish, 26ft. Sin, long, 6ft. diameter. Tuba 3ft. lOin. 
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at front end, and 3ft. beyond, ^g inch platee, 40 lbs. pressure. 
The shell vaA rent into several pieces, which were scattered to 
-wide distances. The tube was also thrown to a great distance, but 
was uninjured. The boiler was 36 years old. The shell was very 
badly corroded, and temporarily repaired with screw patches to stop 




leaking, so that the 1 
See No. 52. 



No. 59. Durham. 



Fig. 46. 
ras unfit to bear the usual pressure. 



47.) December 29ih. 2 Mlled, 1 injured 




J^g. 47. 

One of three Plain Cylinder, with plates arranged lengthways, 
47ft. long, 6fl. diameter, | inch plates, 30 lbs. pressure. It gave 
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way at the Beams over the fire, where the edgea of tlie plates had 
been injured by injudicious and exceeeive repairing and caulking. 
The pieces were sent to great distances. The weakneBs of boileri 
with seams from end to end in continuous lines has often been 
pointed out. Eight of the exploded boilers this year, Nos 5, 15, 
20, 24, 44, 48, 50, and 59, and many others in former years were 
of the same objectionable construction. 



The following, not being steam boilers, are not included in the 
list, but the details may be useful. 






Tar Still, 10ft. high, 7ft. diameter, with round top and domed 

bottom, I inch plates, and not intended to work at any pressure. 
Tbe vapour passing away became congealed, and stopped up the 
small exit pipe, and pressure accumulated aufflciently to burst the 
weak shaped veseeL 

The bottom came completely out and was left upon the fire, while 
the top ascended to a great height and fell a long distance away. 
The loss of life was owing to the material igniting and suffocating 
those who were thrown down by the explosion. 

(Sreathridge. Deeemhtr 29M. 2 kiUed, 

Tar still, 12ft. high, 12ft. diameter, f inch plates, and not used 

at any pressure usually. 
The upper part separated &om tlie bottom, rending in the angle iron 

all round. The an^e iron near the outlet pipe was corroded nearly 

away, as shown in enlarged sketch, and the rivet heads were Sftton 

oomplet«ly off. 
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It was supposed that the mtenee froet, during a long steppage for 
holidaya, had caused the worm to be stopped up and pressure to 




accumulate, as ia the one previoualy described. Sut it ia perhaps 
more probable that the yeseel gave way because it was corroded bo 
thin in bo important a part as the angle iron. The explosion was 
very slight, the damage and loss of life being from the fierce fire 
which immediately succeeded it 

Darlington. Aiiffust 26M 2 injured. 

Domestio. Eectangular, and made of wrought iron. The (Vont 
blew out. It was said that all the communication pipes were shut, 
and therefore steam accumulated until the weakest part gave way. 



Manchester. 



December 29th. 






1 killed, 1 injured. 



The sketch is to a much larger scale than the others. 
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Domestic, I4in. wide, llin. high, and about lOin. deep, made of 
cast iron i inch thick. It had close top and two circulating pipes to 
warm a bath about lOfk. above it. The supply cistern was about 
17ft. above the boiler. The front was blown out into the kitchen. 
It was said that the pipes were frozen, and that steam pressure had 
thus accumulated. 

The boiler was of a treacherous material and weak shape, and 
unfit to bear safely the 7 lbs. pressure the column of water from the 
cistern would give. The fire also acted on the sides of the boUer 
without any intervening brickwork. If a closed top boiler is used, 
there should be a dead weight safety valve to prevent pressure. 
A far safer plan is to have the kitchen boiler with open top and 
the circulating heater within it, so that it can never get overheated, 
as it only obtains its heat from the water in the open boiler. 



JR, BroamhaU, Printer, Stourbridge. 
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JVo. 1. NmcaxUt. (Fig. I. J January Itk. 




One of five. Comisli) 13 years old, 30ft. loAg, 6ft. 6in. diaaeW. 
Tabe 3ft. Sin. diameter, | inch plates, 30 lbs. presanre. Tube 
collapsed sidevaya from weakness, and the front part and the front 
plate were blown oat, cariTuig the attendants into a deep Uld 
swollen river which ran close in front of boilers. 



JTa. 2, South Wales. {Fig, 2.) January 15th. I'lilM, 4 it^urei. 

Plain cylinder, very old, 32ft. long, Sft. diameter, -^ inch plates, 
30 lbs. prossnre. Externally corroded to -^ inch, and gave way 
near a seam, the front being thrown forward into a hoose, and the 
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back end 150 yardfi to the rear, carrying away tlie stack. It had 
been badly repaired witb bolted patcheB whidi !iad hastened ocv- 



^ 





rosion, and aa it waa known to be nearly worn Otft, it v 
been replaced in a few days. 



2fo. S. Woritop. {Fig. 3.) January 2Sth. 



cff 



Domestio, 2ft. wide, 1ft. lOin. high, and ?in. deep, f inch plates, 
with badly welded joints. The circulating pipes to ciatfim, 15ft. 
above, were frozen, and Bt«am presEnre accumulated and blew ont 
the &ont. 



Jfi). 4. J^mcieh. {Fig. 4.) F$h-uart/ 4th. 



IhOM. 




BOILEB EXPLOSIOXB IH 1S70. 

One of three. Cornish, 7 years old, 24ft. long, 5ft. diameter. 
Tube 311;. diameter, -fg inch pktes, 65 Iba. preeBure. The boiler 
yraa good and yreU fitted, but an aecnmnlstion of salt on tube caoaed 
oveilieBting and rupture of 3rd seam. " . 



M. 5. Sheffield. {Fig. 6.) Feirmry 8«. 2 UUed, 6 m 




Fig. 5. 

One of three. Bag Boiler, 2 years old, lift, diameter, Q^ft. 
deep, -^^ inch plates. Steam was supplied &om the engine exhaust^ 
and was usually about 10 lbs. pressure, but as the boilers from 
which the steam was originally supplied worked at 60 lbs., it is 
possible this was sometimes exceeded. The vessel was of very weak 
shape for even 10 lbs. pressnte. 



Berhy. {Fig. 6.) February 14(ft. 



1 UUtd, 2 it^vred. 



Domestic, Ift. hi^, Ift. wide, Sin. across top, and I2iu. aoR>St 
bottom, made of cast-iion, .^^ inch thick. The fire bad been let out 
sometime, and the cirouladng pipes to cistem 16ft. above were 
frozen, and on lighting fiie steam was formeft for which thero was 
no escape, and the boiler ^ 
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M. 7. Shf^ld. (%. 7.) FAmaty 14th. 2 UOtS, 1 tt^vni. 




Fig. 7. 
Domestia, used for warming rooms abore, 2fb. 6in. wide, 2ft;. 
high, 9in. across top, and 13in. across bottom, f inoh plates. The , 
circnlatuig pipes to ciatem, 12ft. above, vere firozen, and steam vaB 
formed for whicb tiiere vas no vent, and boiler was rent open. The 
joints were so badly welded that they soon gave way, and little 
ks done to property. 



2fo. 8. WaiiaU. {Fig. 8.) Fehmary 19*A. 



wme injured. 




Fig 8. 

One of two. Plain cylinder, 12 years old, 30ft. long, 7fL 

diameter, ^ inch plates, fiO lbs. pressure. The seams and plates 
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were overheated by Hliortn«M of water, and gave way at ordinary 
pressure. It is supposed the water " kicked " into the other boiler, 
as there was no back TaLve to prevent this whenever one boiler 
happened to he £red a little harder, and ooneequently at slightly 
higher pressure than the other. There was no damage except to 
the boiler. 



No. 9. Birmingham. (_^ff. 9.) February 25th. none injured. 




Cornish, 5 years old, 32ft. long, 7ft. diaveter. Tube 2ft. 4in. 
diameter, -f^ inch plates, 30 lbs. pressure. Cracked along the 
bottom of front end where internally "furrowed." The boiler was 
not disturbed, bnt as the water escaped into an iron fomace the 
bricks were scattered, but little damage done. The boiler was 
intended for two tubes, and therefore there was a large part supported 
only by stays, allowing of a slight movement with varying pressure 
which facilitates the corrosion in certain lines of strain called 
"furrowing." In this case they were so close to the angle iron 
and filled with scale that they were difficult to detect. 

JVo. 10. Cornwall. {Fiff. 10.) ifiwcA 17M. 6 injured. 



J^. 10. 
trpright Boiler, 2 ft. hi^, 1ft. 9iii. diameter, i inch plates. 
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gave iray wbere deepljr corrodaS sztemally lound the bottom angle 
iron. The top was blown throagh the roof and did ooiiBiderable 
damage, the bottom being left in the grate. 

No. 11. Shsffkld. (Fiff. 11.) March 27tk. 1 imurtd. 



^ 



Fig. 11. 
Agricultural or Contractor's Engincj 9ft. 2in. long, 2ft. Bin. 
diameter, | inch platee, 30 lbs. pressure. The heads of stays on 
each side were corroded outside and drew through the holes, 
allo'wing the angles of fire box to open. Boiler was not disturbed 
and no damage was done. 

2fo. 12. PortmiMtth. fFig.\2J March l^th S hllei, 1 mjared. 




lig 12 
One of two. Comish, 9 years old, '. 
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Tube 3ft. diameter, f inch plates, 40 lbs. preBBnre. Qave way at 
midfeather wall where corroded to ^ inch, at a place where flues 
were too narrow to enter. Two rings of plates were torn out and 
blown into an adjoining street, while the reaction of the escaping 
contents forced the boUer into a building in a very singular manner, 
doing very great damage. This case is of peculiar interest, because 
although the cause o( exploaion was bo plain to see, all the old 
theories of decomposition of steam, and ignition of hydrogen, were 
revived, and it was even stated that " a bad boiler could not 
explode, as the corroded part would give way, and allow the 
steam to escape harmlessly," and any cause seemed to be con- 
sidered more probable than the plain and simple one, that it waa 
corroded to the thickness of card board. Like many other examples 
this explosion shows that however well a boiler is tended, it should 
be examined in the flues to make sure that it is safe. 

No. 13. Manehetter. March SQlh. 2 MIM, 3 injured. 

Underground. Some alterations were being done to some brick 
arching, which fell upon and broke steam pipes, and the escape of 
Bt«am sniFocated those near. 



2fe. 14 Warrington. (Fig. \Z.J April ISfA. 6 kilUd, 3 injured. 
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Lancashire, used foi evaporetioii only, 24ft 6ia. long, 6ft. 
diameter, f inch plates, and UBiially worked with little or no 
presmre. 

The boiler was rery old and mnch patched, and inoapahle of 
bearing the IS lbs. presenre which waa temporarily put upon it. 

N«. 15. Scoiland. April 18th. none iiyvrtd. 

Plain cylinder, ?aid to hare exploded firom shortneee of wat»r, 
but no partioularB have been obtained. 

Jft. 16. Cornwall. {Fig. 14.) Ajtril 18«. 1 hlled, 1 injurii. 




Fig.-A. 

One of two. Comiah, very old, 34ft. long, 6ft. diameter. Tube 
8ft. lOin. diameter, g inch plates, 50 Iba. preseore. The tube 
collapsed and the &ont part was blown out, and the boiler was 
forced book a litUe. It was said to have been Bhort of water, bnt 
the weakness of a tube of such la^e diameter was most likely the 
tme cause. 

No.n. Wellington, (fiy. 15.) Aprili^nd. nonein}wred. 

One of two. Balloon, very old, lift, high, gft. 6in. diameter, 
f inch plateB, 5 lbs. prassare. The bottom was corroded extonally 
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o ^ inch, and temporarily repaired with ecrew patehes, and was 
o reduced in atrcDgth that it gave way at the ordinary pressure. 





J^. 15. 

The top was blown about 20 yards away, but little damage 
^as done. 



M. 18. ComteaU. May. naneir^urei. 

Comish, 30ft. long, 6ft. diameter. Tube 3ft- 6in. diameter, 
40 Iba. pressure. Boiler gave way under bottom where corrodod 
very thin, but little damage was done. 



2To. 19. Darhtton. (Fig. \&.) May. 




Hotu it^wed. 



lig. 16. 

Cornish, 16ft. long, 4ft. 3in. diameter. Tube 1ft. 6in. diameter, 

I'j inch plates, 40 lbs. pressure. Tube collapsed and ruptured, 

having been softened by overheating through shortness of water. 

Very little damage was done. 

No. 20. Weithrmwieh. {Fig. 17.) May \2th. 2 killed. 

One of three- Plain cylinder, 5 years old, 31ft- long, 6ft. 
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diameter, ^ inch plates, 45 lbs preBsuie Qave way by tbe rent 
of a ripped Beam over the Sib, 'which had been repeatedly tempo- 
rarily patched withoat restormg the strength or stopping the np 




^. 17. 

Three rings were torn ont of the middle, while the front end was 
blown into the bed room of a house, and the back part of the boiler 
was thrown acro^ a canal through two walls int« a distant street. 
Great damage was done. 



No. 31. IMlin. (Fig. 18,; May 18(A. 3 W.M, 6 injwei.. 






Fig. 18. 

Cornish, Second-hand, but just started at this place, 26ft- long, 
6ft. diameter. Tube 3ft. diameter, § inch plat«s, 40 lbs. usual 
pressure. Tube collapsed from end to end. The pressure at time 
was supposed to be 70 lbs-, and aa there was no evidence of shortness 
of water, it is presumed the tube gave way from weakness. The 
boiler was moved forward about 20 feet, but much damage was 
done to premises. 
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ffii. 22. Bury. (^Fig. 19.) May 2blh. 



none in/ured- 



^ 



Fig. 19. 
BomeBtic Saddle, 5ft. long, Sft- high, 211. 6iii. wide, | inch 
platea, 15 Iba, pressure, the oistem being 30ft. aboTe. There were ■ 
no stays between the inner and enter shell, and the apace between 
them was too small to allow proper circulation of water to keep the 
plates from overheating, so that it was hardly fit for its ordinary 
pressure, and the top was blown off. 

2fo. 23. Mdigrove. (_Fig. 20.) Mat/ 26ih. 13 MUed, 9 injur«4- 

>1 




lig. 20. 
One of three. Ponr Furnace Tlpright, 12 years old, 17ft. 6in. 
high, 9ft. diameter. Centre tube 5ft. 9in. diameter, f inch plates, 
40 Ibe. pressure. The centre tube was much corroded on the inside 
and collapsed inwards horn consequent weakness, allowing the 
contents to issue at the bottom of the boiler, and the reaction 
eent the whole boiler high up into the air, and on i« a roof c 
great damage- 
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No. 24- Lomttoft. (Fig. 21 J May 2?«. 



Fig. 31. 
Crane or Donkey boiler on board a vessel. About 6ft. high, and 
3ft. diameter, 25 Iba. pressure. The internal fire box collapeed from 
the softening of the plates through Bhortnesa of water, the blow off 
pipe having been left open too long. Little or no injury was done 
to the ship. 



So. 25. Birmingham. (Fig. 22.) June ind- 2 hmeS, 1 t^'wtd. 




Bg. 22. 
■ Cornish, 6 years old, 21ft. long, 6ft. diameter. Tube 3: 
f inch plates, 40 lbs. pressure. The tube was so much weakened 
by cracks and by being out of true circle, that it collapsed from end 
to end at the ordinary working preseuie. 



No. 26. Wigan. {Fig. 23.) Juna &ih. 



f ii^'ured. 
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One of two, Cornish, 28ft. Tin. long, 6ft. 4iii. diameter. Tube 
3ft. diameter, elightly oval, f inch platee, 50 lbs. pressure. Tube 
collapsed over the fire and ruptured from weaknoas. The boUer 
was not moved and the damage was not great 

Wo. 27. Bwy. June 9(A. 1 ity'wtd, 

liancaabire- The plates wem reduced to -^ inch by external 
corrosion, so that the boiler was not able to bear the ordinary 
pressure, but no details have been obtained. 

No. 28. Workington. {Fig. 24.) June 9(S. 7 ityurtd. 




Fig. 24. 
One of two. Cornish, nearly nor, 16ft. long, 6ft. diameter, 
§ inch plates, 46 lbs- pressure- Three plates over fire collapsed 
&om overheating through shortness of water. 

No. 29. Nottingham. {Fig. 25.) June 13th. 3 injured- 




(^^^ 



Slj. 25. 

Ten years old. Plain cylinder, with flat ends, 10ft. long, 2ft 

diameter, diagonal seams, i inch plates, 26 lbs- pressure- The 
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Thole ahell waa blown 80 yards to the front, and the cMmney and 
engine house mach damaged. It vas macb corroded and badly 
patched, BO as to be nnfit to carry preBsuie. 

No. SO. SladAum. (F^. 26.) June nth- 2 HIM, 1 injured. 




J^. 26. 
Sixteen years old, Gallovay, 26ft long, 7ft. diameter, f indi 
plates, 66 lbs. pressure- Then vaa a combnstioa chamber between 
the Aunace tabes and the main tube, and this had been lat^y 
repaired insecnrdy, and gave way and burst upwards. The boiler 
was not moved, but the contents issued bo yiolently that a good deal 
of damage was done to Eurrounding premises. 



No. 81. Glasgow- {Fig. 27.) Junt nth. noneinjund. 




Crane Boiler, about 2 yean old, 7ft- high, 4ft. diameter, | inch 
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platea, 50 lbs. pressure. Tlie internal fire box collapsed and the 
external shell was blown to pieces. There wae no sign of eboTtneaa 
of water, but it is supposed that fiie fire bos was not ciroular, and 
therefore too weak to bear the ordinary pressure. 



Bihton- [Fig- 28.) June 2\tt. 



2 ItilUd, 6 injured- 




seren. Plain cylinder, 30 years old, 30ft. long, 6ft. Sin. 
diameter, i inch plat«s, 35 lbs. preesare. It gave way over fire 
place, where it had heen weakened by frequent repair, which had 
caosed a eeam rip near a patch. The fragments were widely 
scattered, and mnch damage was done to the premises. The 
insecurity of boilers so frequently reqaired with patch upon patch 
has been often pointed out. 



No. 83, Darlingten. {Fig. 29.) June 2Ath. 2 injured. 

One of twelve- Two Furnace Upright, about 2 years old, 20ft. 
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hig^, 8ft. diameter, j\ inch pUtee, 30 Iba. pTeeeore. The water 
vea allowed to run eo low that the plates Boftened by the orerheat- 




mg, and a Bmall piece was blown open and threw down the 
brickwork. 



No. 34. Ihidley. {Fig. 30.) Jufu 25tt. 




Fig. 30. 
One of two. Balloon, 34 years old, 12ft, diameter, 10ft. higji. 
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I inch plates, 7 lbs. presauie. There were no atays, and the boiler 
was of very weak shape, and as the boiler it worked with waa 
loaded to 15 IbB., it is presnmed this also was exposed to that 
pressure, and burst in conseqnence. It gave way at the angle at 
ftvnt over the fire, and was thrown over the engine house- 

No. 36. Mmekutw {Fiff. 31.) Jime 27tt. 2 killed, 1 injwtd- 




lig. 31, 

One of four. Galloway, 4 years old, 32ft. long, Sft. diameter, 
-^^inch plates. Tube 2ft. lOin. diameter, originally intended for 
40 lbs-, but worked at 65 lbs. pressure. The left hand tube 
collapsed sideways, having been very much weakened by internal 



No. 36. July 2nd. 1 injured. 

Varine. One of the oval tubes collapsed. The boiler '^as 
worked at a higher pressure than it was capable of bearing safely, 
but no partionlaTa have been obtained. 

No. 37. Seotland. July Srd. 2 kiiltd, 3 itgured. 

Plain Cylinder, 3 yeara old, 20ft. long, 4fb. diameter, 251bs. 
pressure. It was so corroded inside about the water line from bad 
water, that it gave way at the ordinary pressure. The boiler waa 
thrown 160 yards from ite seat 
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JVo. SS- Jiilj/ 29tk. iwruiiyvrti. 

Comisb, 26ft. long, 5ft. 9iii. diameter, tube 3ft. 6iD. diameter, 
-Jg inch plates, 35 Iba. pressnie. The boiler rent open wbere exter- 
nally corroded to ^ incb, aad 3 vidths of plates were torn away. 

No. 39. Nottingham. August I2th. none ii^ured. 

TnbaloaB Boiler, qaito new, made entirely of tabee. One tube 
gave way at defoctire weld, but no other damage was done. 



No- 40. Leieetter. (Fig. 32.y Augtut \Sth. 4 hilUS, 5 injured. 




Upright Boiler, nearly new, 10ft. high, 5ft. diameter, with inter- 
nal fire box, i inch platea, 45 lbs. pressure. The shell was rent 
into many pieoes, which were widely scattered, doing much damage. 
The safety valve was defective and incapable of islieving the piee- 
Bure, and the spring indicated wrongly, so that a macb higher 
pressnie was used than the boiler could bear safely. 

No.41. NeweMtU-<m-Tyne. (Fig-SS.) Bep. Wh. S killed, 20 ii^m-e4 

One of two. Plain Cylinder, wiOi plates arranged lengthwap, 

17 years old, 27ft. long, 6ft. diameter, { inch plates, 301bs. pressote, 
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mechanioall^ find. It liad just been extensiTdy repured over the 
fire, bat it gave vuy at the back end, vhere a plate had been pnt 
ia Mnte lame before, and it is eappoeed that a seam rip or injoiy to 




the old plate, not visible oatside or in, vas then set np, Thioh was 
perhaps inoreaaed by the atrain of late repaira and gave way aa Boon 
SB steam was again raised to working pressure. See Ho. 55 this 
year and many others in past years of similar oonslTuctlou. 



M. 42. Nottingham, fl^. SiJ Stptmthtr Uth. 



1 killed. 



I 



Fig. 34. 
Tnbnloiu, or all tubes, 1^ yeats old, 100 lbs. preesnre. Steam 
woB being raised with too little water in tbe boiler, bo that the tube 
became overheated and incapable of bearing prassnre, and rent open, 
and as the boiler was in a small space the steam suffocated the 
attendant, but the boiler was not disturbed or the premises injnred. 



JTp. 43. Tuntfaa. (fiy. 35.) Si^tmher nth. 
One of four. Plain Cylinder, 8 years dd, 36fL li 



3 iiHtd, 1 injured. 
;, 5ft. diameter, 
§ inch plates, 50 lbs. presBQie. It gave way at fifth seam, where a 
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seam rip, caused bj bad repair, bad so far weakened it that it yt 




Fig.U. 
'onable to bear tbe usual pressare, and tbe ends 1 
opposite directions. 

JVo. 44. Sxtter. {Fig- 36.) Si^tmber 21th. 




Tig. 36. 

Lancashire, 2 years old, 3lft. long, 7ft. diameter, tube 2ft. lOin. 
diameter, -with 56 Pield tubes in eacb, | inch plates, 4S lbs. pressure. 
The right hand tube collapsed and ruptured £rom softening of plates 
through shortness of water. Tbe fire was blown out and set the 
premises on fire and much damage was done. 

No. 45. Cardiff. October Ut. 1 killed, 2 iiyvrei. 

Locomotiye, 4J years old, 14ft. long, 4ft. diamer, ,^ inch plates, 
120 lbs. pressure. The fire box was reduced to ^ inch by corro- 
sion, and unable to bear the usual pressure and t«nt open, and the 
escaping contents rushed out at the £ie doors and injured those near. 
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iTo. 46. Liverpool. {Fig, 87.) October 4tL 4 killed, 4 injured. 




Fig, 37. 

Plain Cylinder, 6ft. 6in. long, 3ft. 6in. diameter, f inch plates, 
80 lbs. pressure. The plates were corroded both inside and out, 
and in some places reduced to less than -^ inch in thickness, and it 
was quite unfit to bear the ordinary pressure. The damage to the 
surrounding property was very great although the boiler was so 
small. The sheU of the boiler was thrown across a street into an 
upper room of the house opposite. 

No. 47. Bathgate. October 14th. 2 injured. 

Bag Boiler. The boiler became exposed to higher pressure than 
it was intended to bear. The boiler house was destroyed, but no 
particulars have been obtained. 



iVo. 48. Walsall. {Fig. 38.) October I9th. 1 killed, 2 injured* 




Fig, 38. 

Cornish, 7 years old, 13ft. 3in. long, 5fb. 6in. diameter, tube dft. 
6in. diameter, g inch plates, and supposed to work at 30 lbs. pres- 
sure. The guage was so out of order that it only indicated half the 
real pressure. The tube was not in good condition and had leaked 
very much and was quite unfit for the pressure of 60 lbs. to which 



BOILEB EXPLOSIONS IN 1870. 

tiie Tslre was loaded. The tube collapsed tteyond the bridge, and 
the oontents issued at the back and drove the boiler forward 30 feet 
and into a workshop. 

No. 49. Soho. (ffy. 39.) Octeher I9th. I kilUd, 1 injurfd. 




F^. 89. 

One of four. Lancashire, 23ft. long, 7ft. diameter, tube 2ft. 6in. 
diameter, 80 lbs. pressure, usually, but 15 lbs. at time of explosion. 
The left side of left tube collapsed and rent owing to shortness of 
water. 

JVo. 60. Mrih Walei. (Fig. 40.; Octobw IStt- 1 iiOtd, 8 injwrtd. 



4£ 



Fig. 40. 

One of two. Cornish, 26ft. long, 6ft. 6in. diameter, tube 3ft. 
diameter, ^ inch plates, 23 lbs. pressnte. The bottom was so 
thinned by external corrosiou that it was not able to bear the usual 
pieasnre and rent open. The boiler was turned upside down, and 
the house much injured. 
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ITo- fi!. Bmoich. (/^. 41.) (ktohtr 2Ut. 




CorniBh, 12ft. long, 4ft. Siu. diameter, tube 2fL A^vx. diameter, 
i incb plates, 32 lbs. preaaure. The tabe collapsed, hBnng become 
overheated tlirongli sliortneBs of water. 

m. S2. 8h»ffiM. {Fig. 42.) OOoltr 26AI. 1 kOltd, 1 injurtd. 




Tig. 43, 
LocomotiTe, 11 yeara old, 9ft. 6iii. long, 4ft. diameter, i inch 
plates, ftO lbs. pleasure. The tep plate orer fire box waa blown off, 
having given way along a "farrow" cansed by coirodtm in a line 
of strain owing to position of stays. It was in a part of the boiler 
where it is not usual te find it, and aa it could not be seen, it 
increased until unable to bear the naoal pressure. 



No. 53. Darlttiion. {Fig. 43.) Oetohvr 27(A. 



3 iigurti. 




Plun Cylinder, 22ft. long, 4ft. diameter, ^ inoh pUtes, 25 Iba. 
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pressnie. The vaiei was allowed to get bo low that the gidee were 
Boftened by orerheatmg, and rent open. The boiler was not moved 
and only a few bricks were disturbed. 

Ne. 64. ComtBoll. f^Fig. 44.) Oetohtr 27tt. 1 kilUd. 




One of three. Cornish, 12 years old, 36ft. long, 6fL diameter, 
tube 3ft. 9in. diameter, | inch plates, 38 lbs. presenre. The taba 
collapsed from end to end, the front and central parts being blown, 
out. The shell and back of tnbe were thrown in one piece to the 
rear, and much damage was done. It was supposed to have been 
short of water, because the tube had collapsed, but it is more likely 
it ooUapsed because of its weakness without strengthening rings. 
A tube in this boiler ooUapsed in a similar way about G years 
previously. 



Jto. 55. Ifdwoaslle. (Hg. i5-J yovemher 17th- 1 hlUd, 2 iryurtd. 

One of seven. Plain Cylinder, with plates arranged lengthways, 
30 years old, 26ft. long, 6ft. diameter, } inch plates, 35 lbs. pressure, 
mechanically fired. Gave way at a seam on the right hand side of 
the fire place, where the ioBertion of a new plate bad caused injury 
to the old plat«, and it divided into two parts which were Bent in 
different directions. The uncertainty and treacheronsness of these 
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■traight seamed boilers has often been pointed out. See TSo. 41, 
and many examplee in former yeaia. 




2fe. 56. South WaUi. Tfovmitr 19th. 



■a Mfurtfi^ 



Cornish, 7ft. diameter, tube 4ft;. diameter, 40 lbs. presaure. Tnbe 

collapsed from ^ 



No. 57. ShUU*. {Fig. 46.) Nevmher 24/A. 1 kilUd, 2 infwn^ 




Fig. 46. 
One of two. Marine, seoond hand irhen pnt in 3 yeara since. 
Betnm tobe 12ft. 4in. long, slightly oval, 6ft. diameter at front, 
and 5ft 6in. at bock ; tnbe, oval, 3ft. lOin. wide, and 3ft. deep, .f^ 
inch plates, 25 Ibe, pressoie. The tube collapsed. It iraa in anoh 
a corroded and oraoked oonditiim, and so badly repaired, with sotev 
patches, that it was unable to bear the ordinary pressure. 
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M- 68. Manehtiler- {Fiff. 47.) Dteemhtr %nd. 




One of two. Balloon, used for evaporating only, nearly new, 9ft. 
high, and 9ft. diameter, j- inch plates, not naually worked at any 
preaBure. The top was thrown 60 yards away, and the bottoni Jeft 
on Aimace. The boiler was temporarily ezpoeed to pressure which 
it was too weak a shape to bear. 



No. 59. Billion. (Fig 18 /' December 2Hd. 1 killed, 2 injwred. 







Fig. *8. ■ , 

Plain Cylinder, 5 years old, 14ft, 9in. long, 4ft. 9in. diameter, | 
inch plates, 30 lbs. pressure. The water was allowed to get bo low 
that the sides became softened by overheating and rent open, and 
blew the fire upon those near, but without disturbing the boiler or 

brickwork. 
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Jfo- 60. Hanley. {Fig- 49.) Deeemitr \Uh. 1 UlUd, 5 injured. 







. iig. 49. 
Ooe of two. Balloon, 30 yeare old, 15ft. diameter, | inch plates, 
worked at 20 Iba. preBBure. It rent in two and threw down the 
engine house and chimney. The boiler was not intended to wort 
at more than 6 lbs. pressure, and was quite unable to bear the extra 
pressure to which it was exposed. 



No. 61. Leedi. (Fig. 50.J Brnmhw 24iA. 



1 injweii. ' 



B 



Fig. SO. 

Domestic, wrought iron, welded, 13i- inches wide, 12 inches high. 

The house had been empty, and the pipes to cistern, 26 feet above, 
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had frozen, and when a fire was lighted the accumnlated pressurey 
haying no escape, forced out the front. 

iVb. 62. Zeamingtan* {Fig- 51.) Deeemh&r 25th, none infurifd- 




Hg. 61. 

Domestic Saddle, wrought iron welded, Ifb* 9in. long, and the 
same width and height. The circulating pipes were stopped by ice, 
and the accumulated pressure forced down the underside and rent 
open the joint* The building was injured. 

No, 63. MorUy- {Fig, 52.) December 2bth. none injured- 



•* r ■ ■ 




Domestic Saddle, wrought iron welded, 2ft. 6in. long, 1ft 6in. 
wide and high. The circulating pipes being stopped by ice the 
accumulated pressure forced out the plate on the under side. The 
building was injured. 

No. 64. Liverpool, {Fig, 58.) December 25th» i injured. 




Mg. 58. 

Domestic, Iffc. 8in. wide and high, Ifb. deep, ^ inch cast iron. 
The circulating pipes were stopped with ice, and the accumulated 
pressure forced out the front, and did great damage to the house* 
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No. 66. London. {Fig. 54.) BeeemUr 2&(h. 



f 



lig. 61. 

BomeBtio, wrought ixon, 1ft Sin. wide, 1ft. 4iii. high, 6iii. dee]>, 

S inch thick. The circulating pipea to the oiBtem about 60ft. above 

were stopped with ice, and the acctimtilated pressure rent the boiler 

in the welded joints, and did great damage to the house- 



No. 66. DuUnfield. {Fig. 55.) Deeembtr 26th. 



« injured. 



f0 



Fig. 56. 
Domestic, east iron, | inch thick, IfL Sin- wide, Ifb de«p. ttbA' 
circulating pipes were &oMn, and the pressnie aooumtilated and 
rent the hoiler to fragments and did great damage to the room. 



No. 67, Northalhrton. {Fig. 56.) Seemier 29th. 
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LocomotiYe, 20 years old, 12ft 9m. long, with plates arranged 
lengthways, 3fb. Sin. diameter, g inch plates, SO lbs. pressure. The 
barrel appears to have given way on the under side near fire box, 
and opened out and rent into ft'agments. As the pieces containing 
the probable first rent were missing, nothing positive could be ascer- 
tained. It may have contributed to the rupture that the engine 
drew from the fire box instead of from the frame. 



No. 6S. London, {Fig. 57.) December 29^A. none injured. 




Fig, 57. 

Domestic, Saddle, wrought iron, welded, 1ft. Gin. long, 1ft 2in. 
wide, and Ift. high, f inch thick. The circulating pipes to cistern 
25ft. above were frozen, and the accumulated pressure forced the 
crown out of under side of boiler, and caused. gm,t damage to 
premises. ^ - 

No' 69. London. December 30^A* none injured. 

Domestic, the circulating pipes were frozen, and the accumulated 
pressure caused the boiler to rent open, but little damage was done. 

No* 70. Burton, Date not ascertained* 1 hilled. 

Plain Cylinder, underground, internally corroded until too weak 
to bear ordinary pressure. 



R, BroomhaU, Printer, Stourbridge, 
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No, 1. Tranm&re. {Fig* 1.) January \9t. 



1 injured. 




Fig. 1. 

Domestic. Caflt-iron, 1ft. 4ia. wide, 1ft. high, and llin. deep. 
The circulating pipes being fi:ozen the pressure accumulated, and 
rent the boiler into pieces, doing great damage. 



No, 2. Rochdale. {Fig* 2.) January 2nd, 



1 injured. 




Fig. 2. 



Plain cylinder, lift, long, dft. lin. diameter, f inch plates, 25 lbs. 
pressure. Euptured at a bad patch over grate, around which were 
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many old cracks, acd the rent paBBed along the bottom, and through 
the unguarded manhole, and round several of the trausverse Beams, 
dividing the boiler into 4 or 5 pieces, which were widely Bcattered, 
but are arranged in sketch near their original position. 



JVo. 8. 



January 2nd. 



's injured. 



Cornish, 32ft. long, 6ft. 6in. diameter, | inch plates, 30 lbs. 
piesBure. Tube ruptured at first seam over the fire from weakness 
caused by internal corrosion. 



No. 4. MiddUih-o. 




January ith. 



Domestic, 1ft. Sin. wide, 1ft. high, llin. deep, -^j inch thick. 
The circulating pipes being frozen, the pressure accumulated and 
rent the boiler open, doing considerable damage 



No. 5. Shrchley {Fig 4 ) January 9iA I UlleA, 4 tnjweS. 




^ 



Li f 



One of five, about 30 years old. Lancashire, 18ft. 2in. long,' 
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7ft 6iii. diameter. Tubes 2ft. diameter, g inch plates, 12 lbs. 
pressure. Ruptured at corroded steam pipe joint at top of front 
end, and the rent followed along the angle ring of shell which was 
also corroded, and then along the seams of some plates in the 
bottom, placed longitudinally, allowing the top of the boiler to open 
up like a lid, without moving it much out of its original position. 

No, 6. Cornwall. January I2th. 1 killed. 

Cornish, 30ft. long, 6ft. diameter, -^^ inch plates, 35 lbs. pressure. 
The ball weight of the safety valve was unusually near the steam 
pipe, and it is supposed that the boy who was scalded having put 
his dinner on the pipe to warm, it slipped between the ball and 
pipe ; and that in trying to extricate it he lifted the valve which 
was held open by the *' pasty " wedged under the ball. 

iVb. 7. Dairy. January I3th, 8 injured. 

One of two, 25 years old. Plain cylinder, 24ft. long, 4ft. diameter, 
■^^ inch plates, 30 lbs. pressure. Gave way at a ring seam where 
much corroded near the back end, which was blown to the rear, 
the front end being thrown considerably forwards, and the shell 
was torn into many fragments which damaged the engine house, 
and so injured the other boiler that it also was rent into pieces and 
thrown some distance away. One safety valve was made to servo 
for the two boilers, and the connecting valve being shut there was 
no escape from this boiler, so that the bursting pressure soon 
accumulated. A similar boiler attached to the same engine exploded 
in April, 1870, and is mentioned as No. 15 m the "records" of 
that year. 

No, 8. 8. Wales. January 15 th, none injured. 

Plain cylinder, 5 years old, 35ft. 6in. long, 4ft. lOin. diameter, 
i inch plates, 55 lbs. pressure. 8ome plates over the fire became 
red hot from the accumulation of scale some inches thick upon them 
and gave way, and the reaction of the issuing contents sent the 
boiler some distance and did much damage. 
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No. 9. Manchester. January 16th. 1 injured. 

Plain cylinder, flat ends, very old, 8ft. 4in. long, 3ft. diameter, 
} inch plates, 50 lbs. pressure. The front plate was blown out, and 
the boiler was thrown backwards for some distance. The boiler was 
corroded until too weak to bear the ordinary pressure. 

No. 10. Sunderland. January 11th. 1 killed, 1 injured. 

Marine. The steam expansion joint was placed between two 
opposite curves in the pipe, and one end drew out when first under 
pressure. 

No. l\. Leslie, January 26th. 2 hilled. 

Cornish, 10ft. long, 4ft. diameter. Tube 2ft. 4in. diameter, plates 
^y inch, 40 lbs. pressure. Gave way at bottom where it rested on 
the brickwork, the plates being completely eaten away by external 
corrosion. 

No. \2. Gateshead, i^Fig. b.) January 2*lth. none injured. 




Fig. 6. 

Domestic, 8ft. high, 2ft. wide, and Ifb. lin. deep, i inch plates. 
The circulating pipes being frozen, the pressure accumulated, and 
rent the boiler open doing great damage. 

JVo. 13. Bradford. {Fiy. 6.) February let. I killed. 




lig. 6. 
Plain cylinder, 6 years old, flat ends, 7ft. 6in. long, 3fb. 4in. 



< 
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diameter, | inch plates, 45 Iba. preaenre. The 
safety valve was loaded to 70 lbs., and this pressure 
was too great for the insufBcient stay to the flat 
end, which was blonn out, the boilet being thrown 
backwards. 



No. 14. Sovir. Fehnim'y 5(h. 1 Ulled. 

Marine, 70 lbs. pressure. The boiler was not 
moved from its place, and the damage appeared to 
have heen slight, but no particulars have been 



JVb, 15. Nmeeaetle. {Fig. 7.) Feb. 10th. none injured. 

One of three, 3 years old. Chimney, 27fl. high, 
5ft. diameter. Tube 2ft. 9in. diameter, g inch 
C plates, 25 lbs. pressure. Collapsed about half-way 

cj^ up the tube from overheating through shortness 

I- y of water. 



JVo. 16. Birminghai 



i.) Feh-tMTy 16(A. 




8 injured. 



One of two, 1 yeardd. Portable upright, 6ft. high, 8ft. diameter, 
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■jf vxsh plates, 25 lbs. pressurtt. There was but one safety yalre, 
and tliat was on t)ie other boiler. The juuctioii valve between the 
boilers was olosed, when left for the night, without the fire being 
properly put out, and there being no outlet for the steam tiie 
pressure accomulated, and the boilet ruptured at the unguarded 
manhole and rent into fragments, much damaging the closely 
packed houses near. 



No. 17. Stockton. March &th. nont utpirtd. 

Locomotive. The conuectiug rod broke and pierced the boiler, 
allowing contents to issue violently. A similar case was mentioned 
aa ^o. 27, July 2lBt, 1868, and others have occurred in previous 

yeai-B. 



iVo. 18. Bradford. {Fig. 9.) March9th. I killed, I injured. 



F%g. 9. 

One of six, 3 years old. Lancashire, 27ft. long, 7ft. diameter. 
Tubes 2ft. 8in. diameter, slightly oval, .^5 inch plates, 60 lbs. 
pressure. The left hand tube collapsed downwards from overheating 
through shortness of water. The boiler was uot moved, and little 
damage waa done to premises. 



JVi». 19. Qlasgow. March \lth. 3 killed, 3 injured, 

Kag Boiler, The screws of the manlid were loosened before the 
steam was exhausted, and the issuing contents scalded those near. 



BOILEB EXPLOSIONS IN 1871. 



No, 20. Wootton BassetL {Fig- 10.) Mcmh WtK 2 MlUd^ 1 imjwred. 



® 



SeCTION.THROUCi 
A.B 





Fig, 10. 
Cornisli, 12ffc. long, 4ft. Sin. diameter. Tube 2ft. 3in. diameter, 
f inch plates, 72 lbs. pressure. Tube collapsed downwards from 
overheating through shortness of water. This was the second time 
the tube had collapsed, although the boiler had only worked 
18 months. 



JVb. 21. 'Newcastle, {Mg. 11.) Ma/rch l^th. 



1 hilled. 




Fig, 11. 
Plain cylinder, flat ends, 16ft. long, 3ft. 6in. diameter, ^^ inch 
plates, 25 lbs. pressure. There being no stays to support the flat 
ends the varying pressure caused a slight movement backward and 
forward (sometimes called " drum-head " motion), which facilitated 
corrosion in certain lines of strain, and produced a " furrow " at 
the front near the bottom, which rent open. The boiler was not 
moved, and little damage was done to the premises. 



No, 22. Brigg. {Fig. 12.) March \1th. 



1 hilled, 1 injured. 



9& 



M. 




Fig. 12. 



One of five, 5 years old. Plain cylinder, 68ft. long, 4ft. 4in. 
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diameter, plates /j inch full, 65 Iba, pressure. Heated by gas. 
Bent at fourtli seam, the front end being thrown a great distanoa 
forward, and the back end to the rear, displaciag the other 4 boilers. 
The ruptured eeam was Dext to a pateh where the cutting out of 
the old rivets and putting in of new had caused a seam-rip. 



S. Wales. {Fig.U.) Mareh\Uh- nona injured. 




Fig. 13. 



One of two, 36 years old. Lancashire, 30ft. long, 9fl. diameter. 
Tubes 3ft. diameter, ^ inch plates, 22 lbs. pressure. The boiler 
was rent into 3 pieces. Five rings of the back part were torn off 
and thrown to the rear. Four rings in the middle were opened out 
flat end fell aoioss the other boiler, and the remaining part of the 
shell with the tubes were left on the seating. The boiler was old 
and much patehed, and was corroded too thin to bear the usual 
pressure. 

M. 24. Lynn. {Fig. 14.) Maroh IZri. 2 Mllei. 

Cornish, 10 years old, 7ft. 3in. long, 3ft. 2in. diameter. Tubes 
1ft. lOin. diameter, | inch plates, 36 lbs. pressure. The tnb* 
ruptured at the last ring of plates, and was forced inwards, allowing 
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the contentB to ieeae at the back. The boiler was slightly thrown 



F<g. U. 
forward. It was only used occasionally, but was eo mnoh reduced 
by internal corrosion as to be nnable to bear the usual pressure. 

No. 26. Northeieh. [Fig- 15.) May 3rd- 1 iilled, 1 injured- 




Fig. 15. 
Mariuo, 7 years old, 9ft. 2in. long, 6ft. I in. diameter. Fomacs 
tabe 2ft. diameter, and 3 inch small tubes, | inch plates, HI Ibe. 
pressure. There were two bands as clips round the outside of boiler. 
Gave way at a seam where some new bottom plates had been 
inserted, and where the old plate was so thinned by internal corrosion 
OS to be unable to bear the usual pressure. A small plate was blown 
out and shattered into three pieces, and the boiler was turned end 
for end. 

No. 26. Bartittaple. May 9lh. I killed. 

Revolving Eag boiler of plain cylindrical shape, with three £lliug 
boles. The steam was supplied from other boilers. The central lid 
was unscrewed, without trying, by a small hole for the purpose, 
whether there was any pressure, and the lid came off, and the 
contents issued and scalded the attendant. 
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JVo. 27. Ltomingion. {Fig. 16.) May 18(A. 1 hilUd, 2 infvred- 



^^& 




Portable multdtubnlar, 9 years old, 8ft. 6in. long, 2ft. 6in. 
diameter, -fg inch plates, SO lbs. pressure- The safety Talve was 
fiwteued down by a nail (A) between the lever and the ' 
cover, and in conseqaence the presaure accnmulated to 
more than the boiler coold bear, and it waa rent into rfnl 
many pieces, which were widely scattered. — 



No. 28. May 2Qth. none injured. 

Portable vertical, of peculiar construction, with return down fine 
tnbes, 6ft. high, 4ft. 6in. diameter, § inch plates, 35 lbs. pressure. 
The shell was torn off, the bottom having given way through 
weakness, from want of proper stays, from (he crown of the fire box 
to top of the boiler. 



Ne. 29. Hull {Ftg 17 ) May 22nd 



S ItUed, I it^vrai. 




tig. 17. 
Lancashire, 22ft- 6ia. long, 7ft- 6in. diameter- Tubes 2ft. lOiu. 
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diameter, | inch plates, 70 lbs- presaure. The tabe was somewhat 
corroded on the t«p, and gave way over the fire from weaknesa. 



No. 30. Bath. 

Sevolfing Bag boiler o: 



May 26(A- 1 MlUd, 1 itywed. 

f plain cylindrical shape, hut rcTolying on 
tninnionB, in the opposite direotiott to No. 26, 12ft. high, 6ft 
diameter, ^ inch plates, 50 lbs. presanre. The steam was anpplied 
&om another boiler- The cover at one end was inseooiely fastened 
and was blown ofif. 



No. 31. Oakfngafeg. {Fig. 18.) June 6(A. 




Hg. 18. 

One of two, 20 years old. Balloon, 14ft. diameter, f inch plates, 

6 lbs. pressure- The pressure was allowed to far exceed the proper 

height during a temporary steppage of the engine, SJid the bottom 

was rent off, and the top thrown some distance, bat very little 

IS done- 



No. 32. WtOinglro'. {Fig. 19.) Jum 17tt. 





Fig. 19. 
Cornish, 26ft> long, 6ft. diameter. Tube 3ft- diameter, i inch 
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platoB, 40 lbs. preranre. Tube collapsed from veakness, and partly 
tore away from the back end, and the reaction frvm the issuing 
contents forced the boiler back a long way- 




6 Mled, 20 iTtfurtd. 



No. 33, 7\ta»tal. {Fig. 



Fig. 20. 
Cornish, 48ft. long, Oft- flin- diameter, -/^ inch plates. Tube 3ft. 
diameter, | inch plates, 50 Iba- pressure. The tube collapsed 
sideways jrom end to end thiougb weakness, being vifbont strength- 
ening hoops, and with continuous longitudinal seams. The back . 
end and part of the tube were thrown to the rear, and the rest of 
the boiler was thrown to the front, and separated into several 
fragments. 

No. 34. Oloigow. Jaly 9th. 3 kilted. 

The lid of a steam valve was being removed while under pressure, 
and the steam escaped and scalded those near. 



No- 35. Rotherham. (Jl^. 21.) July Wth. 



■e injured. 



Fig. 21. 

Cornish, 10 years old, 7ft. long, 6ft. 6in. diameter. Tabe 3ft. Sin. 

diameter, I inch plates, 45 lbs. pressare. Qave way where much 
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corroded by the damp brickwork of the central wall, and the back 
ring of plates was torn out, and the boiler turned up on end, and 
much damage was done to the premises. 



No. 36. 



July nth. 



none injured. 



Cornish, 16 years old, 12ft. long, 4ft, diameter, ^\ inch plates, 
48 lbs. pressure. Gave way at the bottom and rent open, a belt of 
plates being blown away to some distance. The bottom had been 
extensively corroded, by the boiler being left exposed to wet for 
many years before it was set at this place, rendering it unfit to bear 
the usual pressure. 



No- 37. Cumnock {Fig. 22.) July 2Uh> 



1 infured. 



9 




%0 



Fig. 22. 



One of five, about 20 years old. Plain cylinder, 20ft. long, 4ft. 
diameter, ^^ inch plates, 45 lbs. pressure. The boiler had been much 
patched and altered, and was in very poor condition, and unfit to 
bear safely the ordinary pressure. Kupture commenced near the 
feed pipe, and ran along one side and then round each end, both of 
which were liberated and thrown far away, the barrel of the boiler 
spreading out on to the neighbouring boilers, one of which was 
much injured. 



No. 38. Shields, {Fig, 23.) August \st. 1 killed^ 7 injured* 

Multitubular, 10 years old, 7ft. long, 3ft. 6in. diameter, ^^ inch 
plates, 50 lbs. pressure, but valve loaded to 80 lbs. Rupture 
commenced^at the unguarded manhole, and the shell was rent into 
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several pieces whicb were much scattered. The safety valve was 
defective, and Uie boiler had been much weafaened hy many patches, 




lig, 23. 
and was in poor condition and nnable to bear the pressure at which 
it was worked at the time of explosion. 

No, 39. Wakefield. Augutt 3rd. 1 kilUd, 1 injured. 

One of five. Rag boiler, 5 lbs. pressure from the exhaust steam 
of an engine. The manhole was of verj large size and inseenrelj 
fastened, and was blown ofF. 

So. 40. Cornwall {Fig- 24.) Auguet nth 2 htlled- 




Mg. 24. 

Cornifib, 30ft. long, Cft. Sin. diameter. Tube 4ft. Sin. diameter, 

18 lbs. pressure. Kuptured near brickwork at the bottom wbere 

much corroded externally, and one ring of plates was rent open. 

The boiler was displaced, and the premises were greatly damaged. 

No- 41. Skieldi. Augmt 2Uk. none injured. 

Chemical pan, 12ft. long, 5ft. 6m. diameter, a inch plates. The 
end was blown off, the rivets not being strong enough for the 
piessnie of 35 lbs. as supplied irom the boilers. 
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J^o. 42. £laei:him. {Fig. 25.) Augwi 29W. 1 kilUd, 2 injured. 




Lancasbire, 26ft. long, 6ft. Cin. diameter, Tnbea 2ft. 9iD. 
diameter, | inch plates, 60 lbs. presBure. Tbe left hand tabe 
collapsed from overheating through ebortneBS of vater, and the 
coutents issued violently and scalded those near. 

JVo. 43. Streford. Aagmi 2 injured- 

Cbemical bolter, Plain cylinder, 12ft. 6iii. high, 4ft. Gin. diameter, 

|t incb plates, Trith cast-iron hemispherical ends with manhole in each. 
Tbe pressure of 34 lbs. was obtaiued from another boiler. The 
bottom end gave way where the casting was defective, a piece was 
blown out, and the reaction of the ieeuing contents projected the 
boiler through the roof, through which it again descended and did 
much damage. 

ye. 44. Cardiff. {Fig. 26.) Septmier lit- 2 Ulied, 2 injwed. 




lig. 28. 
Marine. Mnltitnbnlar, 6it. long, 6ft. diameter, 60 lbs. pressure. 
The nnder side of fire box gave way at the front rivets, the beads of 
which were corroded, and a tongue of plate was torn upwards, 
allowing the contents to issue so violently, that those near were 
carried overboard and drowned. 
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Ai.. 46, ffrw&y. {Fig. 27.) Septemin- ind. 




Mg. 27. 
One of six, 2 years old. Plain cylinder, 40ft. long, 5ft. diameter, 
5 inch plates, 50 lbs. pressure. This case was pecnliar, as the back 
part of the boiler was found a long way to the ftont, and the front 
end in the rear. An accumolation of scale caused pocket to form, 
and a hole to burn through the bottom over the grate, allowing the 
contents to issue so violently that the boiler was seat over end for 
end, when the front end was knocked off and thrown to the rear, 
and the contents then issuing more violently, the reaction sent the 
reet of the boiler in one piece a great distance to the front, where it 
fell, and was cruEhed nearly flat and broken into several fragments. 



No. 46. CommiR. [Fig. 28.) Septmher Uth. 



4 injured- 




One of two, 18 years old. Cornish, 32ft, 9in. long, Gft. 6in. 
diameter. Tube 4ft. diameter, | inch plates, 45 lbs. pressnre. The 
tube collapsed from end to end, dropping together like an old sack, 
and cracking at the edges. A small piece at the front end wae 
blown out. The cause was sopposed to be shortness of water as 
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there was no gnage glass, but it was far more likely the i 
of ao large a. tube without BtreDgtheniug hoops. The pressure was 
donbtlesB more than nsual, as the engioe had made a temporaiy 
stand. A similar collapse took place iu the next boiler in December, 
1869, and is descrihed as No. 57 in the " records" of that j&xt. ' 

m. 47. ffwH. {Fiff. 29.) &>ptmii>r 22nd. 2 injtirti. 



Vertioal, with fire box of pecnliar corrugated conBtmction, 7ft. 
6in. high, 3ft. diameter, 50 lbs. preaaure. Gave way round the 
bottom of fire bos where mnch corroded and rent open, and the 
reaction of the ieauing contents carried the whole boiler to a 
oonsderable distance. The pressure guage had been removed, and 
the safety valve did not act freely, and the pressoie aconmnlated to 
more than the boiler could bear. 



-Vo. 48. GrindUton. {Fig. 30.) SepUmher 2Gfh. 




Fig. ao. 
Lancashire, 3 years old, 20ft. long, 7ft. diameter. Tube 2ft. 2in. 
diameter, | inch plates, 60 lbs. pressure. The boiler gave way at 
the second ring of plates from the back end, at the side where 
externally corroded to a knife edge, by brickwork made damp by 
being next the side of a hilL The rents extended round the boilw. 



BOILER EXPLOSIONS IN 1871. 

And it WBB tamed nearly bottom upwards, and tlie shell opened out 
in the carious way shown in the sketch. 



JVb, 49. Bradford. October 9th. none injured. 

One of three. Portable, mnltitubular, 8ft. long, 2ft. 6in. diameter, 
30 lbs, pressure. There was no safety valve, dependence being 
placed on that of the boiler to which it was connected. Steam was 
got up without opening the connecting steam cock, and the 
consequent excessive pressure forced off the front end. 



yo. 50. Tipton. October 17 th. none injured. 

One <rf twenty, 22 years old. One tube worked by two furnaces, 
36ft. long, 6ft. 3in. diameter. Tube from end to left side 2ft. Sin. 
diameter, ^ inch plates, 30 lbs. pressure. The tube collapsed from 
overheating through shortness of water, and cracked at the edges 
and allowed the contents to escape without any violence. 



JVo. 61. Surt^. October 2\st 2 hilled^ \ injured. 

A wall fell upon and broke the steam pipes, and the escaping 
steam scalded those near. 



Ko. 62. October 25th. 2 injured. 

Chemical boiler. Plain cylinder, 9ft. 3in. long, 6ft. diameter, 
{ inch plates. The back end was blown out, and the boiler moved 
forward a few yards, and the premises were much injured. The 
outlet pipes were choked up, and more pressure accumulated than 
it was capable of bearing. 



Ko. 53. Chesterfield. {Mff. 31.) October 25th. none injured. 

Plain cylinder, 6ft. 6in. long, 2ft. 2in. diameter, fj^ inch plates, 
80 to 100 lbs. pressure. The manhole was weak and unguarded 
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witli a strengtheiimg ring, and ruptnred and alloved the lid to blov 
out. The reats spread along a part irhere streiigtli vaa mnolt 






^3)< 



Fif. 31. 



reduced by tho riveta being conntersunk to make room for attaofa- 
ments. The safety valve vas defective and overloaded, SJid there 
Tas no gaage, and the boiler was unfit to bear tlie pressure to which 
it was exposed. 



No. 54, Northeieh. Oeioier 23M. 1 Ulled, 1 injuni. 

Chemical. The cover iras unscrewed before the pressure waa off, 
and the contents blew out violently and scalded those near. 



No. fiS. BoviUng. {Fig. 32.) Oolobn- SOtK 1 killtd, 1 it^vrtd. 



Fig. 33. 

One of two, 17 years old. M^xino, I2ft. Tin. long, 6ft. Sin. 
diameter. Tube 4ft. wide, 2ft 9in. high, 16 lbs. pressure. The 
tabe was muob weakened by corrosion aud Borew-patching and 
collapsed upwards, with the aligfatly inoreased pressure of » 
temporary stoppage of the engine. 



No. b^, Bihtan. 



BOILER EXPLOSIONS IN 1871. 



October. 



none injured. 



.Chemical, 9ft. long, slightly oval, 4ft. greatest diameter, § inch 
plates, 2 lbs. pressure. Although not at work, it is supposed that a 
gas was gently passing off through a small pipe, 30ft. long, to 
a receiver which was under repair, and that this gas being 
accidentally lighted, communicated through the "fij^ with that in 
the boiler and exploded it. One end was blown off, the rupture 
passing completely round through the solid plate. 



Ko, 57. Newcastle, {Fig. 33.) November 5th. 



/--v- 



none injured. 







^^^>^ 



lig, 33. 



Cornish, 25ft. long, about 6ft. diameter. Tube 3ft. 6in. diameter, 
{ inch plates, 30 lbs. pressure. Tube collapsed from overheating 
through shortness of water. 



No. 58. Ghravesend. {Fig. 34.) November %th. 



2 hilled. 




Fig. 34. 

One of two. Marine, 16ft. 6in. long, 8ft. 4in. diameter. Tube 
of irregular shape, about 2ft. lOin. high, | inch plates, 27 lbs. 
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preesore. Tlie guage was ao much oat of order, tliat it ODly showed 
24 lbs. under a real presaure of 80 lbs. The safety valTe was 
defectiTe and OTerloaded, and the piessnie was soffident to oollapse 
and rapture the side fae, and the contents rushed out at the ^ont 

So. 59. Bildm. {Fig. 35.) November 12fA. non» injured. 




Fig. 35. 
One of foar. Cornish, about 20 years old, 26ft. long, 6ft. 6in. 
diameter, ^ inch plates, 40 lbs. piessure. Tube 3ft, 9in. diameter 
had been made in two parts, joined in the centre by a narrow plate 
! inch thick, and it collapsed at this joint, so that the top met the 
bottom, and thas so retarded the issne of the contents after being 
set in motion, that a sboch was produced, which blew ont an end 
and half the tube in opposite directions. The shell was left rosting 
in its seat, and little damage was done to premises. The tube had 
much the appearance of collapse &om shortness of water, but the 
most probable canae was that it was too weak without strengthening 
hoops to bear the ordinary preaaure wit^ aafety. 

No. 60. Din. {Fig. 86.) November llth. 2 ktOtd. 




Portable, multitubular, about 10 years old, 8ft. 3in. long, 2fl:. Tin, 
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diameter, § inch plates, 30 lbs. pressiire. The bottom of the smoke 
box was reduced by external corrosion to less than ^^^ inch in 
thickness, and was consequently unable to bear the ordinary pressure, 
and a piece was blown out, and the reaction of issuing contents 
displaced the boiler a little and much damaged the premises. 



No, 61. Boiherham, November ISth, 1 killed. 

The aorews of a manhole were loosened while the pressure 
remained in the boiler, and the lid was blown off. 



No, 62. Newcastle, November 25th. 1 killed. 

One of twelve. Chimney, 28ft. high, 6ft;. diameter. Tube 2ff;. 
5in. diameter, I inch plates, 25 lbs. pressure. The blow pipe was 
left open while some men were inside repairing, and the steam and 
water from the blow-off of another boiler in the same pipe was 
forced in upon them. 



No. 63. CradUy, December ^th, 1 injured. 

Locomotive, lift, long, 3ft. diameter, | inch plates, 95 lbs. 
pressure. The pressure amounted to about 134 lbs. during a 
temporary effort to get up a steep curved incline, and the fire box 
was forced inwards and the outside shell outwards, and the stays 
drawn, but little other damage was done. 



No, 64. Middle8bro\ {Pig- 37.) December \Zth, 1 injured. 

Locomotive, 18ft. 6in. long, 4ft. diameter, ^^ inch plates, 120 lbs. 
pressure. Gave way under bottom of barrel where " furrowed " by 
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the combined action of corrosion and tie strain npon the plates, by 
attachment to the frame of the engine. 




JVo. 65. Wettbromwieh. {Fig. 38.) Leemher 28tt. 1 i^wrgd. 




One of five, 23 years old. Balloon, 16ft. diameter, | inch plates, 
5 lbs. pressure. It mptared at the back where tbe plates in contact 
with brickwork were redoced by external corrosion, and the bottom 
was forced down upon tbe grate, and tbe top rolled over on to its 
side. The toiler was not being used, although connected with the 
other at work. The strain upon tbe bottom was increased by the 
boiler being over full and nearly to tbe brim. Those near were 
drenched with nearly cold water from it when it upset. 



No. 66. Glaigoie. [Fig. 39.) Decemler ZQth. 11 killed, 80 injured. 

Portable upright, about 8 years old, lift. 4in. high, ift. diameter, 
1 inch plates, 100 lbs. pressure. Tbe internal portion gave way 
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where attached to the fin holes and collapsed iawards, apd the 
reaction of the iBSoing contents forced the boilei up eome diatauce od 




^ 



^. 39. 
to the top of a house. The safety Talre did not act properly, and 
the pressare appears to have accnmuUted to more than the hoiler 
could bear, dniing a tamporaiy stoppage of the engine. 



S. BroomhM, FrinUr, Stoarbridgt. 
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